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FOR THE YEAR 1888. 



Harrisburg, Pa , January 25^ 1889.^ 
To the Senate and House of Representatives of the Commonwealth of 

Pennsylvania : 
I have the honor herewith to transmit the treasurer's report of the 
receipts and expenditures of the Pennsylvania State College, for the 
year 1888, as required by law; and, in connection therewith, (he 
reports of the president of the college, of professors in charge of some 
of the departments of instruction, and of the building committee. 
I venture to call attention to the report of the president, and to 
those of the mechanical and agricultural departments as containing 
matter of great interest to the people of the Commonwealth. 

Francis Jordan, 
President of the Board of Trustees, 
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PRESIDENT'S REPORT. 



To the Board of Trustees of The Pemisylvania State College : 

Gentlemen : I have the honor herewith to submit my report for the 
year 1888, accompanied with those of professors in the several depart- 
ments of the College. 

The general condition of the College has remained substantially as 
reported one year ago; continuing to show the same gratifying indi- 
cations of growth in popular favor, thoroughness of work and increase 
in the number of students. 

The only important change in the faculty has been the resignation 
of the Chair of Chemistry by Professor William H. Herrick, and the 
appointment in his place of Professor Q. G. Pond, recently an instructor 
in Amherst College. 

Professor Pond brings to his work a high reputation for scholarship 
and success in teaching and administration ; this reputation he has 
fully sustained in his present position, and there is every promise that 
the Department of Chemistry, if sustained by the Board in the same 
liberal spirit as heretofore, will continue to rank as one of the strongest 
and most important in the College. 

Besides the change in the Chair of Chemistry, changes of instructors 
haye occurred as follows : Miss Julia E. Gorsline, Instructor of Music, 
resigned her position in June last, and was succeeded by Miss Jose- 
phine Hoogs who, however, retained the place but a single term. 
Mr. F. W. Spanutius, a graduate of the Sheffield Scientific School, was 
appointed Assistant in the Chemical Laboratory at the beginning of 
the year, in place of Mr. Davies. Mr. Caldwell was appointed Assist- 
ant^in Agriculture in order to leave Dr. Frear more time to devote to 
the work of the Experiment Station. Mr. George C. McKee, while 
pursuing special post-graduate studies in the Department of Electro- 
technics, has also given some instruction in the same department of 
the College, and in the Preparatory Department. 

The work of the Faculty in general during the past year has been 
characterized by the same earnestness, eflSciency and devotion to the 
interests of the College, as in former years ; and the growth of the 
Institution is very largely to be attributed to their faithful service. The 
only regret I have to express in this connection is that services so im- 
portant are not more adequately compensated ; and I earnestly desire 
that the time may come when the salaries of the professors and 
instructors may be made somewhat more nearly commensurate with 
the value of the work they are doinp. 
1 State Collkgf. 
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The number of students during the past year has been larger than 
ever before in the history of the College; and, with scarcely an 
exception, they have been pursuing regular and continuous courses. 
Nothing in the recent history of the College has been more marked 
and gratifying, and a surer guarantee of stable growth in the future, 
than the general tendency on the part of students to avoid irregular 
and partial courses, and to take instead full and complete courses, 
leading to a degree. The success of many of the graduates who have 
recently gone from the College may, to some extent, account for this 
tendency; but it is also attributable in some degree, to the fact that 
our students enter with much better preparation than formerly, and 
that there is in them a growing spirit of earnestness and manliness 
which cannot be too highly commended With the exception of rare 
and transient departures from good order, the general tone of life and 
conduct among them has been highly satisfactory. 

The failure of the contractors — partly from unforeseen causes, and 
partly from want of sufficient energy — to complete promptly the re- 
pairs in the main College building, occasioned very serious inconven- 
ience and injury during the entire fall session. It is only within the 
last few days that we have been able to make use of the recitation 
rooms in the central wing of the building, and the chapel is still un- 
finished. The changes made, however, will prove to be a great relief 
in many directions, by giving us more and better recitation rooms, and 
light and ample hallways. When, in addition to these changes in the 
main building, the new structures now under way are completed, as 
they will shortly be, so as to relieve to some extent our present 
crowded condition, the ordinary work of the College can be far more 
easily carried on. It is manifest, however, that even these additions 
to our room are insufficient to accommodate the increasing number of 
students, accompanied as it is by an increasing variety in our depart- 
ments of instruction. 

Several additional buildings are greatly needed. The first, and 
perhaps the most imperative need, is that of a new building foRthe 
Preparatory Department. A tew years ago, when the number of stu- 
dents was small in both College and Preparatory Departments, there 
was no occasion for providing separate quarters for Preparatory stu- 
dents outside the main building. Even then the change would have 
been a great relief in the matter of regulation and daily movement, 
since it is necessary to prescribe study hours and other restraints for 
youth who have not yet formed habits of study and conduct, which 
are altogether inapplicable to students in college ; and the difficulty 
of maintaining two different, sets of regulations under the same roof 
and in connecting sections of the same building, is far greater than 
might at first sight appear to those who have not had actual experi- 
ence of it. But considerations of convenience merely no longer exist. 
The building is crowded ; every dormitory room in the Preparatory 
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and College Departments is occupied ; more students than ever before 
have taken rooms with families in the village, and even then it was 
necessary for the Executive Committee, at the opening of the year, to 
hire a large building outside. Meanwhile, the recitation rooms for the 
Preparatory Department, which have been kept in the main building, 
have become entirely inadequate, both in number and in size, and re- 
lief is a matter of urgent and imperative necessity. The most obvi- 
ous way of finding that relief is by removing the entire Preparatory 
Department into a building or buildings for its own exclusive use. It 
would thus be possible to maintain such a system of supervision as 
the age of the students in that department requires; to adjust their 
work without any reference to conflicts with College work ; to give 
them more attractive quarters, and in every way greatly to increase 
efficiency and smoothness of work. This relief would also give addi- 
tional dormitory rooms for College students ; would enable "s to pro- 
vide recitation rooms for two or three departments that are now 
obliged to obtain quarters wherever they can, from time to time, and 
would furnish us some greatly needed rooms for public purposes, such 
as museum, reading room, reception room, etc. If, besides this, a new 
building could be secured for the Ladies' Department outside, the 
change would not only give us all the rooms needed for College stu- 
dents for four or five years to come, but would be of the greatest pos- 
sible advantage to the Ladies' Department. In fact, if that Depart- 
ment is to be maintained as a branch of the College work, I see no 
way of doing it satisfactorily except by giving it ample and conven- 
ient quarters in a building constructed for its exclusive use. 

In this connection should be mentioned the establishment for ladies 
of a department practically new in the Institution. Ever since the 
College was opened to them, ladies have been regularly admitted to 
all classes in all courses, on the same terms and with the same require- 
ments as young men. They have fully maintained their average of 
standing in the competition ; and the number now in the college classes 
pursuing the regular four years' course, is larger than at any previous 
time in our history. Until within a few years a majority of them have 
contented themselves with the facilities off^ered in the Preparatory De- 
partment, and after completing the course there, have returned to their 
homes or sought employment as teachers or otherwise. It will be a 
most useful provision for all such — whether in the Preparatory or Col- 
lege classes, to establish a department of induscrial art and design 
and one of Domestic Economy. The Department of Domestic Economy, 
which has been experimented upon in many institutions and in con- 
nection with many public school systems in tte country, until its 
methods, its aims and its results are defined with substantial clearness, 
would prove an invaluable means of fitting young ladies for the per- 
formance of the ordinary duties of domestic life, not as a drudgery, 
but as an attractive exercise in the application of clear and intelligent 
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knowledge of the sciences upon which such economy is founded. The 
department would not aim to make housekeepers, but would aim to 
teach botany, chemistry and physiology and domestic management, 
by means of the exercises of the class room carried on as a practicum 
in these sciences. Attention is particularly called to this subject in 
the report of the Lady Principal, in the recommendations of which I 
fully concur. The Department of Industrial Art and Design would 
be open to students of both sexes. For the students in the technical 
courses it would furnish suggestive and stimulating exercises in the 
direction of the special employment or profession for which they are 
fitting themselves, while for young ladies it wpuld be not merely an 
attractive course of training, but an opening to new and desirable ways 
of obtaining a livelihood or of satisfying their own artistic sense. 

Besides these important needs, four more residences for professors 
are required. 

It is impossible any longer to furnish living quarters for families in 
the college building. The two now residing there are occupying rooms 
which are needed for other purposes, and we are liable at any time to 
have changes in the teaching force, either byway of additions or sub- 
stitutions, for which residences will be indispensable, but which we 
have at present no means of providing. 

Still another need which must be provided for before next fall is a 
large addition to our heating and lighting arrangements. The appro- 
priations for buildings made by the last Legislature were not suf- 
ficient to cover the cost of heating apparatus. For two of them tem- 
porary provision has been made in the expectation that the Legisla- 
ture would at this session provide the necessary funds ; but for two 
others — the armory and the chemical laboratory — no provision what- 
ever has yet been made. After giving the subject such attention as I 
have been able to, my judgment is that the only proper way of pro- 
viding for this present and future need, is the establishment of a 
central plant, with buildings and boilers sufficient to furnish heating 
for all the public purposes of the Institution for the next few years, 
and constructed on such a plan that future enlargement will be easy 
without great additional expenditure. If, in connection with this, the 
power for lighting and for mechanical purposes can be joined, it would 
be an important saving in cost of maintenance, as well as in the con- 
centration of all the handling of coal and ashes at one point. Such 
a concentration, also by removing fire from the various buildings, will 
greatly reduce the cost of insurance on them. Less necessary than 
the things already mentioned, but still of great importance, is the re- 
moval of the bam from its present location in the midst of the College 
buildings, and the re- arrangement of the interior of the main build- 
ing, both of which will be required at no distant day. 

Looking at the situation in the broad view of a wise and economical 
public policy, it is not too much, in my judgment, to ask the Legisla- 
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ture to provide at once for all the wants specified. It seems like a 
considerable expenditure of money at one time ; but it will be wiser 
and cheaper in the end to proceed upon a well-considered and com- 
prehensive plan, than to undertake a piecemeal policy which is un- 
satisfactory at present, and without guarantee or promise for the 
future. 

I am persuaded also that the Legislature should be asked to make 
provision for removing the mortgage indebtedness now existing, 
and for a regular annual maintenance of the leading departments of 
the College. A few years ago, when recitation rooms, dormitories, 
residences for professors, museums, society halls, and in fact the whole 
provision for the life and work of the College could be included in a 
single building, it was possible, though, of course, with a good deal of 
inconvenience, to provide a moderate appropriation each year from 
the stated income of the College for the maintenance of the most im- 
portant departments, and for keeping up — though in a meagre way — 
the most necessary repairs. But this is no longer possible. The nec- 
essary increase in the number of buildings involves, of necessity, a 
corresponding increase in the janitor force; the cost of heating and 
lighting; the maintenance of walks and roadways; repair, mainten- 
ance and enlargement of the buildings themselves, and also requires, 
as is obvious on a moment's reflection, a greatly enlarged equipment 
in order that the few things which appeared respectable in their small 
and restricted quarters, may not seem even more inadequate than 
they are when placed in larger rooms. But far more important than 
that is the fact that the work of each department is growing so rapidly, 
our students are feeling so keenly their competition with the great 
body of students in similar institutions in other States, and our work 
is becoming subjected so constantly to comparison with that in other 
institutions, that it is a matter of pressing and overwhelming neces- 
sity that each department shall be provided with such appliances as 
are suflBcient to economize the time of professors, and to place in the 
hands of the student whatever apparatus is necessary to enable him to 
do the best work of its kind. Whatever advantages can be procured for 
the most favored youth in the best institutions, should be freely pro- 
vided for the students of The Pennsylvania State College. We ought 
to ask for nothing more, we ought to be satisfied with nothing less; 
and I believe the time has come when the best public opinion of the 
State, reflected in the general sentiment of aU branches of the State 
Government, would condemn us as wanting in a proper appreciation 
of our duty to the public, if we did not make these wants known to 
the State Legislature, and insist that every consideration of public 
policy demands that they be promptly and fully met. 

To summarize these various statements with others of the same kind 
which might with propriety be treated in detail, I present the follow- 
ing list of what, in my judgment, is required, not merely to put the 
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institution upon a broad footingof permanent prosperity, but to enable 
it to meet the demands which here and now, daily and hourly, are 
pressing upon it. I give also an estimate of the minimum amount of 
money required: 

For repairing the main College building and rearranging the interior, 
thirty thousand dollars ; for refurnishing it with suitable furniture and 
equipment, ten thousand dollars. 

For erecting, fitting up, equipping and furnishing a building for the 
Preparatory Department, sixty thousand dollars. 

For building, fitting up, equipping and furnishing a building for the 
Ladies' Department, forty-five thousand dollars. 

For erecting, fitting up and equipping the necessary additional 
buildings, boilers and dynamos, and providing the necessary appliances 
for heating and lighting the eeveral College buildings and for supply- 
ing power to the machinery required for the Mechanical Department, 
forty-five thousand dollars. 

For erecting, furnishing and equipping a building for the Depart- 
ments of Civil and Mechanical Engineering, fifty thousand dollars. 

For re-buUding the barn and other outbuildings belonging to the 
College farm, twenty thousand dollars. 

For erecting and equipping a suitable dairy house, feeding barn and 
implement shed, and repairing the present barn, for the use of the 
Agricultural Experiment Station, ten thousand dollars. 

For grading the grounds and making and repairing the necessary 
walks and roadways. upon the premises, twelve thousand dollars. 

For erecting and fitting up four residences for professors, twenty 
thousand dollars. 

For paying the mortgage indebtedness of the College, forty thousand 
dollars. 

For the erection and equipment of a conservatory for the use of the 
Department of Botany and Horticulture, two thousand five hundred 
dollars. 

For increasing the water supply, erecting improved fire escapes, and 
otherwise perfecting protection against fire, ten thousand dollars. 

There are also needed for defraying the ordinary and necessary ex- 
penses of the College the following amounts : 

For necessary repairs, improvements and insurance, five thousand 
dollars. 

For the maintenance and increase of the College library, reading 
room and museum, five thousand dollars. 

For the maintenance of green houses and propagating houses in con- 
nection with the Botanical and Horticultural Departments, two thous- 
and dollars. 

For the maintenance of the necessary walks and roadways, and care 
of the grounds, one thousand five hundred dollars. 

For the maintenance of the Mechanical Department, including fuel. 
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increase of machinery, apparatus and equipment, services of machin- 
ist and engineer, five thousand dollars. 

For apparatus and equipment for the Department of Civil Engineer- 
ing, one thousand dollars. 

For apparatus and equipment for the Department of Physics and 
Electrotechnics, three thousand dollars. 

For apparatus and equipment for the Department of Chemistry, one 
thousand dollars. 

For the maintenance and equipment of the Department of Indus- 
trial Art and Design, to be conducted with special reference to the in- 
dustries of this State, three thousand dollars. 

For the purchase and repair of necessary desks, chairs and other 
furniture, one thousand dollars. 

Quite as urgent as the need for more room is the need of some ad- 
ditions to the teaching force. I have already indicated that the sala- 
ries paid are insuflBcient. The College has always been successful in 
securing the services of a body of men of learning and ability in their 
several departments, many of whom have done work not inferior to 
any similar work elsewhere. It has such men in its departments to- 
day ; but, besides being underpaid, several of them are overworked, 
either by the multiplication of subjects or by the lack of means to 
employ suitable and necessary assistants. Not to dwell upon this 
point, but merely to enumerate, we need at once a full professor to 
take charge of a portion of the Department of Natural History; an in- 
structor in the Fnglish language. Rhetoric and Elocution, whose time 
shall be given exclusively to training students in the art of written 
and oral expression from the time they enter the Institution until they 
graduate; an instructor in Drawing — free-hand and mechanical — 
whose work should furnish also th« nucleus ot the Department of In- 
dustrial Art and Design ; an Instructor in the Department of Physics 
and Electrotechnics, whose full time should be employed there; 
another in the Department of Chemistry ; another in the Department 
of Mathematics, and another in. the Department of Mechanics and Me- 
chanical Engineering. I am perfectly aware, of course, that the re- 
sources at the command of the trustees render any such increase of 
the teaching force now impossible ; but it is the very least that will 
man our departments properly, and wjiat we must have unless the In- 
stitution is to stand still at its present stage of growth. 

In closing, I desire to express my thanks to the Board of Trustees 
for a greatly needed respite from duty in the early part of the year, 
and for their continued cordial support, as well as to the Faculty for 
their cheerful performance of additional work during my absence and 
their continued fidelity and zeal. It seems proper, also, that I should 
mention the constant and unremitting labors of the Building Commit- 
tee in supervising the erection and completion of our new buildings 
during the past year. 
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REPORTS OF DEPARTMENTS. 



1. AGRICULTUEAL EXPERIMENT STATION. 



State College, Penn'a, 
January SO^ 1889. 
George W. Atherton, LL. D., President : i 

Sir : I have the honor to present to you the following report of the 
work of the Agricultural Experiment Station of the Pennsylvania 
State College, for the year 1888. 

As noted in my report for 1887, 1 was not able to assume personal 
charge of the work of the Station until the close of that year. While 
the experimental work proper to a Station has been actively carried 
on, and considerably extended in scope since that date, the greater 
portion of my time has necessarily been devoted to questions of or- 
ganization and equipment. The large increase in the funds available 
for experimental work in agriculture, and specially the terms of the 
so-called " Hatch Act," donating to the College $15,000 annually from 
the Treasury of the United States, made necessary a more complete 
organization of this department of the College, and a separation of it 
in certain particulars from the other departments corresponding to the 
difference in the character of its work. 

Accounts. — In order to meet these new conditions, so far as they 
affected the finances of the Station, the Board voted, June 30th, 1887, 
" That the work in agricultural experiment and investigation carried 
on at and in connection with the Central Experimental Farm be here- 
after conducted under the title of " The State College Experiment 
StatioE, and that the books of account be kept accordingly." In pur- 
suance of this resolution, a separate set of books was opened for the 
accounts of the Experiment Station, and early in the present year the 
keeping of these books was, by vote of the Executive Committee, trans- 
ferred to the Director of the Station. From that time until June 30th, 
the books were kept upon substantially the system previously adopted. 

In view of the fact, however, that we have to account both to the 
United States Treasury for expenditures under the " Hatch Act," and 
to the State of Pennsylvania for expenditure of the appropriation 
made by the State, it was felt that our system of book-keeping should 
be modified so that the books should show ui)on their face the expen- 
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ditures from each of these funds, as well as of the funds coming from 
sales of farm produce. A system of accounts was therefore adopted 
on July 1, 1888, with the approval of the Executive Committee, by 
which the books will show each of these three classes of expenditures 
by itself, and will also show separately the cost of labor expended 
under any given account. 

Owing to delay in procuring the new set of account books, and to 
pressure of other work, it has not been found possible yet to put the 
new system in operation, and the accounts up to date have been kept 
upon the old system, but with such notes as will permit the transfer 
of the accounts to the new books, and it is expected that this transfer 
will be made very soon. 

Another change, rendered necessary by the requirements of the 
United States Treasury Department, was the closing of the books on 
June 30 to correspond with the close of the United States fiscal year j 
consequently the books have not been balanced at the close of the 
calendar year. I would respectfully request that the Board take into 
consideration the question of when the books of the Experiment Sta- 
tion should be closed. If possible under the provision of the State 
law, I recommend that the- time of closing the books be June 30. 

Officers of the Station. — At the beginning of the year the officers of 
the station were as follows : 

H. P. Armsby, Ph. D., Director. 

William Frear, Ph. D., . . Vice Director and Chemist. 

William A. Buckhout, M. S., Botanist. 

George C. Butz, M. S., Horticulturist. 

William C. Patterson, . . . Superintendent of Farm. 

H. J. Patterson, B. S., . . . . . Assistant Chemist. 
During the year the following additions have been made : 

* George L.HolterB^S.,) Assistant Uhemists. 

W. S. Sweetser, B. S., S 

William H. Caldwell, B. S., . . . Assistant Agriculturist. 

Miss Julia C. Gray, Clerk and Stenographer. 

George OUey, Gardener. 

Mr. Harry J. Patterson, who for the preceding two and a half years- 
has had immediate charge of the chemical work of the Station, resigned 
on July 1, to accept the position of Chemist of the Maryland Experi- 
ment station, his place with us being taken by Mr. Holter. 

New building. — One of the first needs of the Station under the new 
conditions was adequate office and laboratory accommodations, the 
old quarters of the Station in the College building being too small for 
its needs, and the room being urgently needed by the College for other 
purposes. It was, therefore, voted by the Trustees, January 24, 1888> 
to proceed with the erection of a building expressly for the accommo- 
dation of the Experiment Station, at a cost not to exceed $15,000. 
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After consultation with the other officers of the Station, and an inspec- 
tion of the new building of the Massachusetts State Experiment Station, 
a plan for such aT)uilding was submitted to the Building Committee, 
and adopted by them without material change. A brief description 
of the building with cuts showing the floor plans and two elevations 
was furnished by request to the September number of ^^Agricultural 
Science^^^ and is reproduced with this report. The building is now 
appioaching completion. In the meantime the Station has occupied 
temporary quarters in the College building at the cost of much incon- 
venience to the Station and still greater inconvenience to the College. 

Experimental work, — ^The system of field experiments which had 
been carried on for several years upon the Central Experimental Farm 
has been continued without material change during the past year. 
Full meteorological observations have also been continued during the 
year. In connection with this work, arrangements were made early 
in the season by which the Station receives the daily weather indica- 
tions sent out by the United States Signal Service, and displays them 
in the customary manner, by means of flags, from the tower of the 
College building. 

In considering what additional work should be undertaken by the 
Station. I have been impressed with the importance of doing what- 
ever is practicable towards developing the live stock industries of the 
State, not only on account of the direct profits which might thus be 
gained by farmers, but even more on account of the indirect benefits 
arising fronj the conservation and increase of the fertility of the soil 
consequent upon stock raising and feeding. Considerable work has, 
therefore, been done upon feeding problems and more is projected 
and partly in process of execution. For details of this work, see the 
reports of experiments on subsequent pages. 

Publications. — As required by the " Hatch Act," the station has 
published four bulletins during the past year, viz : No. 2, published in 
January, on "Field Experiments with Phosphates;" No. 3, published 
in April, on " Composition and Digestibility of Com Stover; " No. 4, 
published in July, on "Seed Germinations;" No. 5, published in 
October, on " The Digestibility of Soiling Rye." A small pamphlet 
was also printed in August, entitled " list of Experiments in Progress." 
This was not sent out as a bulletin, but was distributed in connection 
with an exhibit of the work of the Station made at the Williams' Grove 
Grange Picnic, and at the State Fair in Philadelphia. 

The mailing list of the Station has been somewhat increased during 
the year, and now contains over 11,000 names. 

Improvements. — It appears to me that one of the most advantageous 
lines of experiment which the Station could take up would be ex- 
periments in relation to dairying, particularly butter production. 
The dairy interest is already prominent in certain portions of the 
State, and it is very desirable on many accounts that its growth should 
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be encouraged. Before the Station can prosecute this line of work, 
however, certain additional equipment will be necessary, which the 
present means of the station do not permit it to procure. 

First We need more cows. The number kept at present is just 
about sufScient to supply milk for our regular customers, and we 
should hardly be justified in refusing to supply them under present 
conditions. 

Second. Additional stock will require additional barn room. 

Third. There is needed a dairy house, properly equipped for both 
ordinary dairying and experimental work. 

Fourth. A small addition to the bam where the more accurate ex- 
periments may be carried on free from the inconvenience and liabili- 
ties to error inevitable in work carried on in a large general barn. 

I need make no comment upon the first of these needs. As regards 
the second, abundant room may be obtained by remodelling the base- 
ment of the present barn and using the whole space, including that 
now employed, as a tool shed. We should also gain in this way a 
direct connection between the feeding room and the silo. This 
change, however, involves the erection of a new implement shed and 
carriage house to shelter the implements, etc., now kept partly in a 
division of the basement and partly in various other places. I may 
add that in my judgment such an additional building is very much 
needed independently of its relation to other projected improvements. 

I submit herewith outline plans for the above alterations and im- 
provements. I have, unfortunately, not been able to obtain an accu- 
rate estimate of cost, but an approximate estimate would be $7,200, 
including equipment. 

I would respectfully urge upon the board the desirability of secur- 
ing from the present Legislature, if possible, an appropriation for 
these improvements. The amount required is not very large, and I 
believe the purpose of the appropriation would commend itself very 
generally to the farmers of the State and to the Legislature. 

Salaries. — In conclusion, I desire to ask the attention of the Board 
to certain considerations bearing upon the division of salaries between 
the College and the Station. I assume, as the basis of all discussion 
of this matter, what I believe to be the sentiment of the Board, that 
no part of the Station funds should be diverted from experimental 
work to payment for teaching in the College, but that the salaries of 
oflScers who have both Station and College duties should be divided 
between the two, substantially in proportion to the amount of time 
and energy devoted to each. When the salaries were fixed at the 
last annual meeting of the board, however, no experience was availa- 
ble to determine what would be a just division, and, as I understand 
it, the arrangement then made was a tentative one, subject to change 
in the light of further experience. On this understanding of the case, 
I desire to present the following statement of the amount of time 
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actually devoted to College and Station work, reBpectively, by the offi- 
cers of the Station. It must be premised, towever, and will readily 
be seen, that no mathematically accurate statement can be made. 
To obtain as fair an estimate as possible I have requested each officer 
of the Station to prepare a statement of the amount of time which he 
has given to College work during the past year, asking him, if in 
doubt, to make the estimate too low rather than too high, and to in- 
clude only time actually spent in class duties and in direct prepara- 
tion for them. The only exception to this was in the case of the Hor- 
ticulturist, who has included in his statement the time actually de- 
voted to the care of green-house, orchard, vineyard and campus. 

In computing the percentage of time given to College duties, I have 
assumed that an average of eight hours per day for six days in the 
week is as much work ol this sort as any ordinary man should be ex- 
pected to perform, or practically will perform. 

The value of room-rent, etc., when furnished by the College, has 
been computed at the rates charged to students, and added to the cash 
salary. 

Division of Salaries between Colle^ and Station. 

Dr. Frear : 

Average time required for class-room work and preparation, 14-17 
hours per week, equal to 29-^35 per cent, of 48 hours. 

Salary : 

Room rent, j Sleeping room. $63 50 

f Study, 63 50 

1107 00 
Cash, 1,500 00 

$1,607 00 of which the 
College pays, 107 00 or 6^66 percent 

Mr. Butz : 

Average time for classes and practicums, 28^ hours per week, or 
69 per cent, of 48 hours. 

Salary : 

Room rent, 1107 00 

Cash, 1,500 00 

$1,607 00 of which the 
CoUege pays, 607 00 or 38 per cent. 

Mr, Caldwell : 

Average time for classes, 17 hours per week, or 35 per cent, of 48 
hours. Salary, $800, of which the College pays $200, or 25 per cent. 

For convenience of reference, I add the following compact summary 
of the above statement : 
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Per cent of time Per cent, of salary 

given to College. paid by College. 

Dr. Frear, * . . . . 29-35 7 

Mr. Butz, 59 88 

Mr. Caldwell, 35 25 

Mr. Buckhout, Nearly all. 50 

Very respectfully, 

H. P. Armsby, 
Director. 
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2. AGRICULTURAL CHEMISTRY. 



Stati College, Pa., January H^ 1889. 

To the President of The Pennsylvania State College : 

SiE : I have the honor to submit the following report of my depart- 
ment for 1888. Since my last report the work of the department has 
been put upon a much more satisfactory basis than heretofore. Up 
to the early part of the year the instruction in all the purely technical 
branches pertaining to Agriculture, except horticulture and entomology, 
devolved ui>on myself, and I was also required to give a large share of 
my time to experimentation. The pressure of the work has now been 
very considerably diminished by an arrangement under which the As- 
sistant Agriculturist of the Experiment Station is employed for part of 
his time in instruction. The assignment of the technical branches of 
the department for the past year has been as follows : 

To Professor Buckhout, comparative physiology and entomology ; 
to Mr. Butz, horticulture ; to Mr. Caldwell, elements of scientific agri- 
culture, crops, anatomy and breeding, veterinary science, dairy farm- 
ing and sheep husbandry; and to myself, agricultural chemistry — ele- 
mentary and advanced — fertilizers, agricultural engineering, cattle- 
feeding, farm economy and history of agriculture, as well as the super- 
vision of the work of several students taking special studies. 

Agricultural instruction of the grade maintained here is made dif- 
ficult by the absence of modern agricultural text-books adapted to the 
needs ol advanced students. This lack renders it needful to supple- 
ment or replace the text-book by lectures upon the special topics. 
For the preparation of lectures that shall compactly embody the es- 
sentials of a subject, from both the scientific and the practical stand- 
points, and cull the most important results of the widely-scattered, 
modern experiments, much time and labor are required. The ad- 
vantage arising, under such conditions, from the subdivision of the 
work of instruction is readily apparent. 

The endeavor in this department has been to secure such a presenta- 
tion of the several branches, accompanied by corresponding practice, 
that the student will, at the end of his course, have at his command a 
knowledge of the principles underlying farm practice, and an ac- 
quaintance with the various methods adapted to farm production 
under diflFerent conditions, such that he will be enabled to apply the 
means at his command so as to secure the greatest and most profitable 
product. He should be able to select the system of farming best 
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adapted to the climate, soil, markets, and prevailing practice of his 
locality ; to select varieties of crops, and adapt methods of cultivation 
intelligently with reference to the peculiarities of his surrounding con- 
ditions ; to improve varieties, test seed, and identify and properly 
treat the weedy, parasites and insect enemies that destroy his crops ; 
to determine, by experiment, the fertilizer best fitted for his use, how 
it is most advantageously applied, and, by analysis, whether it comes 
up to guarantee ; to harvest his crops and put them into the best 
market condition ; to select the best stock for breeding and for milk, 
meat and wool production ; to secure the best condition of farm ani- 
mals for maintenance and production ; to diagnose and treat the more 
common diseases, and to know when to call in the services of a skilled 
veterinarian ; to use farm machinery, and, when necessary, to make 
the minor repairs ; to lay out a system of drains, irrigation ditches, or 
a road, and to plan and supervise the construction of his farm build- 
ings ; to apply the results of others' experiments intelligently to his 
own conditions ; or to enter as a specialist into some line of agricul- 
tural manufacture or research. Every student upon completing either 
Agricultural Course, will have been instructed with reference to the 
principles governing the practice in each of these agricultural opera- 
tions, and will have spent regularly a considerable portion of time in 
the practice of those operations which seem best suited to his individ- 
ual needs. 

In connection with this practicum work the increased facilities for 
practice in horticultural operations in consequence of the erection of 
the green-houses, and in the study of horticultural . and agricultural 
varieties, and of agricultural experiments in field and stable, due to 
the extension of our experimental work by the establishment of the 
Station, are worthy of special mention. 

As in previous years, a large share of my time and energy has been 
devoted to the work of the Experiment Station. 

In closing, I desire to acknowledge the zealous cooperation of Mr. 
Caldwell, who has relieved me of the immediate charge of a large 
amount of class-room work. 

Very respectfully, 

Wm. Frear, 
Professor of Agricultural Chsmistry. 



Digitized by LjOOQIC 



Off. Doo.] Pknnsylvanu State Ooll8». 17 



3. BOTANY 



Statb College, Pa., 
January. 10^ 1889. 
Oborob W. Atobrton, LL. D., President : 

Sir : I have the honor to make the following brief report of the 
Department of Natural History for the year 1888. There have been 
but slight changes in the schedule of studies or in the general conduct 
of the department. In the work in the Preparatory classes and in 
botany and horticulture, I have been well assisted by Mr. Butz, who 
makes a report direct to you. 

The average of attainments of students has been good, and in some 
cases very good indeed. 

Those who have been conditioned were either notoriously negligent, 
or so unfortunate as to have fallen behind because of absence or sick- 
ness. 

We have made some advance in our facilities for laboratory work 
and in putting them abreast of the times, but we have still much 
to do. 

The year was signalized by the removal of my department into a 
new and commodious building which had been erected for it. Un- 
fortunately it was not entirely completed at the beginning of the fall 
session, and it was not until the middle of November that the noise 
and annoyance caused by having mechanics at work while recitations 
were going on finally ceased, and the heating apparatus was in work- 
ing condition. We now have, however, very comfortable and con- 
venient rooms, and when they are suitably furnished and supplied 
with water and light, application for which has been made, there will 
be but little to desire in the way of accommodations. 

As to immediate needs they are, first, the working facilities re> 
ferred to as having been applied for, and, second, a series of type 
specimens, casts and models, the cost of which would be several hun- 
dred dollars. 

Respectfully submitted. 

Wm. a. Buckhodt, 
Profeeaor of Botany and Horticulture. 
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4. CHEMISTRY. 



Georsb W. Atherton, LL. D., President : 

Sir: From my very brief acquaintance with tlie Chemical Depart- 
ment, I have very little to report as regards work done or results ac- 
complished. I wish however to report to you the condition of the 
laboratory as I found it and to outline the needs of the Department 
and the methods of instruction by which I hope most efficiently to serve 
the College. 

With the new laboratory so nearly completed, our present inadequate 
quarters need not be a subject for remark at this time, but the equip- 
ment of the same, never too complete, has now become quite too meager 
for our needs. By authority of the Executive Committee, I have or- 
dered from Germany a good working supply of chemicals and appa- 
ratus. These goods will be here by the first of April next, and after 
that date, I think, there will be no further embarrassment to the pro- 
gress of work in the Department on account of lack of mateiial. It is 
a matter to be deplored that we have no gas for laboratory use, since 
it is the use of gas which has made possible the progress of the science 
during the last twenty-five years; but with the completion of the new 
building we trust that this difficulty will be removed. 

Our chemical work commences with the sophomore year. We de- 
vote the fall term to a thorough drill in the chemical relations of the 
non-metals. Nothing more is attempted, for, this being the real 
foundation and everything else being superstructure, nothing but un- 
compromising thoroughness and perfect familiarity with the material 
at this point can be tolerated. Copious illustration is given, for the 
student must be brought to understand that he is coming in contact 
with realities and the mind must be appealed to through the eye; but 
the practicum during the first term I consider of minor importance, 
because the student must first see a variety of experiments before he 
can appreciate the importance of taking the material into his own 
hands. Some beginnings in manipulation may of course be made and 
from two to four hours of practicum per week may be profitably em- 
ployed. But nothing must cause us to lose sight for a moment of the 
fact that the importance of our work for the first term consists in build- 
ing a broad and solid foundation in the science ; and hence no inferior 
work can be accepted here, for the teacher must recognize, even though 
the student may not, that nothing in subsequent labor can fully make 
up for any defects in a secure foundation. 

With the second term a change may be made. No concessions are 
made to lack of thoroughness, but the student depends more upon his 
own work. A beginning has been made. The student has become 
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acqaainted with the nature of the work demanded of him. The prac- 
ticum may come to the front and the student become, in a measure, an 
investigator. This term the metals are considered. Their properties 
and relations (o previous material are given in lecture, and a large 
store of information should be brought to the attention of the student 
in this way, while the behavior of metallic compounds under all cir- 
cumstances with re agents is made a subject of continual practical study 
at the hands of the student himself. The chief stress is now laid upon 
the laboratory work. The teacher should never be absent, but should 
be always on the alert to see that no time is lost, no opportunity omit- 
ted; to aid in forming habits of accuracy and cleanliness. Constant 
drill too in the way of quizzing and examining upon points of import- 
ance, as they occur in the laboratory, must ever accompany the manipu- 
lations of the student, and he must be made to feel that while to make 
of him a good manipulator and technical student is not to be neglected 
as a subserving means, nor yet to be considered as unimportant in it- 
self, still the real object lies far deeper than this and is not reached 
short of a severe discipline upon every faculty of the mind, such as very 
few branches of study can achieve. 

The field of qualitative analysis is compassed in two terms and mas- 
tered in as minute detail as that time will allow. In the junior and 
senior years quantitative analysis, organic and theoretical chemistry 
are taken up in logical order, and such branches of applied chemistry 
as can be arranged for are inserted at proper places. 

We respect the feeling entertained by many individuals, that the 
practical l^nowledge to be acquired in some specific department must 
be chiefly sought in order to secure a livelihood; but we cannot think 
it wise in any case, though it is a frequent practice, to hasten rapidly 
and superficially over the whole ground- work of science and consider 
this a sufficient preparation lor the advanced work of res( arch. And 
we shall at no point allow ourselves to lose sight of our main purpose, 
namely — to direct a steady, systematic and symmetrical advancement, 
and to aid the student in constructing an edifice which shall not be 
narrow and tower-like, ready to topple and fall, but one which may 
rather be compared to the pyramid, broad-based, well founded and 
solid, and calculated to endure. Only a complete mastery of the 
ground-work of an extensive study can form a true and enduring 
inspiration for its continual pursuit. 

Nearly thirty students, mostly sophomores, completed successfully 
the last term^s work and are commencing with much enthusiasm the 
work of the present session. The number in advanced classes is small 
for obvious reasons. It will be larger another year. Very gratifying 
to me is the readiness of the students to ^ adopt suggestions as to 
laboratory decorum, and the willing cooperation of pupils with teacher 
toward the common good, indicating a degree of manliness, crude at 
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times, but always spontaneous and sincere, not everywhere to be 
found among student3. 

I need not remind you of the needs of the Department. When the 
new laboratory is made as practically useful as it is architecturally 
beautiful ; when it shall be provided with gas supply and fixtures, with 
convenient working desks, with water and steam and with an adequate 
equipment of permanent apparatus, we shall have a laboratory second 
to none in the country for appropriateness and convenience. And 
with these prospecta, I see no reason why we should not expect, in the 
very near future, to have here as perfect and successful a chemical de- 
partment as is to be found in any institution, and to offer to our 
students every opportunity that can be afforded ia any institution in 
the land. 

It is most earnestly to be desired that at no distant day the Depart- 
ment of Mineralogy shall be given the prominence which it deserves 
by separating it from the Department of Chemistry, and placing it in 
the hands of some competent instructor whose other duties shall be 
such that he can properly handle it. It is certainly due to the Chem- 
ical Department, in which the whole time of two men could be profit- 
ably employed, that the mineralogy be set aside at the earliest possible 
date. For the present year I am willing to give the lectures in crys- 
tallography, but would urge that my assistant be given most of the 
responsibility of the mineralogical practicum, and that he receive 
additional pay for such portion of his time as this work demands. 
And here I woOld heartily commend the excellent work of my assist- 
ant, Mr. F. W. Spanutius, of the last class of the SheflSeld Scientific 
School, whose faithful and painstaking assistance has rendered possible 
a larger accomplishment of work this year than would otherwise have 
been practicable. 

I was obliged to commence the work with an indebtedness of about 
two hundred dollars. Our accounts are now balanced with no in- 
debtedness. I would recommend the same appropriation as was for- 
merly customary, four hundred dollars, to meet the expense of the 
lecture courses, and such other expense as cannot properly be charged 
over to the- students. 

In closing, permit me to thank you, sir, for the encouragement and 
assistance always received in carrying out my plans in all their details 
for the advancement of the work of the Department. 

Respectfully, 

G. Gilbert Pond, 
Professor of Chemistry. 

January /^, 1889. 
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5. CIVIL ENGINEERING. 



State Oollegb, Pa., 
January i^, 1889. 
Gio. W. Athbrton, LL. D., President : 

Sir : I have the honor to sabmit herewith the annual report of the 
Department of Civil Engineering. 

In order that the development of the work of the department may 
be more clearly shown, I have concluded to select one line of work, 
descriptive geometry, and give some points of detail with reference 
to it. I consider the subject an important one, because it gives a very 
valuable mental training, and is of great practical value to the engineer. 

The student begins the subject with problems on right lines and 
planes ; here, as elsewhere, the work is almost entirely at the draw- 
ing board, solving original problems. This gives familiarity with 
general principles, which are then applied in problems on the differ- 
ent classes of surfaces, spherical and map projection, perspective and 
shades and shadows. 

In order to accomplish enough in each topic to make it of sufScient 
value to the student, it has been necessary to concentrate on a few 
general piinciples of wide scope, and then to give piactical problems 
on the applications of them. To illustrate this I have selected, from 
the general subject, two topics : spherical and map projections and 
perspective. 

Spherical and Map Projections. 

Projections are called spherical when I he surface of a sphere is pro- 
jected on a single plane. The plane may be that of one of the great 
circles of the sphere, and is then called the primitive plane ; also the 
circle, the primitive circle. 

Spherical projections may be classified as follows, viz : 



Spherical projections. < 



(1) Scenograpbic. 
(Point of sight at 
some finite dis- 
tance.) 



Scenographic b e - 
comes stereographic 
when point of sight is 
at either pole of prim- 
itive circle. 



(2) Orthographic. 
(Point of sight at 
an infinite dis- 
tance.) 

Only class (1) will be considered, since it is the most impor- 
tant in map projection, and of this class stereographic will be first 
taken up as having results quite peculiar to itself, and also as being a 
good preparation for the projection of maps. 

Definitions. — The axis of the earth is the diameter about which it 
is known to revolve ; the axis of a circle is the line through its center 
and perpendicular to its plane; the polar distance of a point is its 
distance from either pole of the primitive circle; the polar distance 
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of a circle is the distance of any point in its circumference from either 
of its poles ; the north and south poles are where the earth's axis 
pierces the surface. Distances on the surface of a sphere are meas- 
ured along a great circle. 

The earth may be regarded as a sphere, and represented by project- 
ing certain of its points and circles, great and small. These may be 
defined as follows, viz : 

(a) Great circles : (1) Equator, perpendicular to the earth's axis. 
(2) Meridians, passing through the earth's axis. 

(b) Small circles : Circles of latitude, parallel to the equator. 

The celestial sphere is the background against which we see the 
stars projected. It may be considered as a sphere of infinite radius, 
the earth being at the center. By extending the planes of the ter- 
restrial great circles, just defined, we would obtain celestial equator 
and meridians. By producing the axis of the earth until it intersects 
the celestial sphere, we would obtain the poles of the heavens. In 
addition, we have the following celestial circles proper: 

(1.) Ecliptic, the sun's path ; it is a great circle, whose plane makes 
an angle of 23^ degrees with the equator and intersects it in the equi- 
noctial points; the solstitial points are on the ecliptic, DO degrees from 
the equinoctial points. The meridians passing through the equinoctial 
and solstitial points are called the equinoctial and solstitial colures. 

(2.) If a plane be passed tangent to any point on the earth's sur- 
face, and the plane produced until it intersects t*^e celestial sphere, 
this intersection is called the horizon of that place. The horizon 
passes through the east and west points ; the axis of the horizon inter- 
sects the celestial sphere in the zenith and nadir. A veitical circle 
is one whose plane is perpendicular to that of the horizon ; the one 
passing through the east and west points is called the prime vertical. 

It is to be remarked-that while the poles and equator both celestial 
and terrestrial, the equinoctial and solstitial points and the ecliptic are 
the same for all places on the earth's surface, i. e, fixed, the zenith, 
nadir and horizon are essentially relative, i. e. they depend upon position 
on the earth's surface. 

Since the radius of the celestial sphere is infinite, we may suppose 
that the plane of the horizon passes through the center of the earth, 
and hence that it intersects the equator in the east and west points, 
and if the meridian of the place be assumed as the solstitial, the east 
and west points become the equinoctial points. From the foregoing 
definitions it will be seen that : 

(1.) The equator passes through the equinoctial points, and the east 
and west points of any horizon. 

(2.) The ecliptic, through the equinoctial and solstitial points. 

(3.) Any meridian, through the zenith, nadir, north and south poles, 
and north and south points of the horizon. Its east and west points 
falling at the center of the meridian. 
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(4.) Any horizon, through its east and west, and north and south 
points, the zenith and nadir falling at the center. 

(5.) Prime vertical, through zenith, nadir, east and west points, with 
the north and south at the center. 

If a plane be passed through the vertex of a circular cone, perpen- 
dicular to and through the center of its base it is called a principal 
plane, and the elements cut trom it, the principal elements. In plate I, 
SA and SB are principal elemenls ; ab the intersection of the cone by 
a plane parallel to the plane of the base. Pass a plane, tTt*, perpen- 
dicular to the principal plane, so that Bed equals SAB. Then ecb and 
ead are similar triangles, and eh : ed : : eo : ea, or eh. ea — ed. eo. 
At e the circle ah and section ed have a common ordinate, D say. 
But eh. ea equals D^ ed. eo equals D\ and ed must also be a circle. 

Hence the following statements, viz : 

(1.) If a plane be passed through a circular cone so that the angle it 
makes with one element is equal to the angle the other element 
makes with the plane of the base, the section is called a sub- contrary 
section. 

(2.) A sub-contrary section is a circle. 

Let CD, Plate II, be the primitive circle, S, its pole, and therefore the 
point of sight. Pass a plane through the center of the sphere and S ; 
its intersection with the former is SAB. Let AB be the orthographic 
projection of any circle of the sphere ; a and h are the projections of 
A and B on the primitive plane, and ah is the projection of AB. 
ABS is measured by one-half of ADS, or one-half of AD plus 90 de- 
grees, and SaO by one-half of SO plus AD, or one-half of AD plus 90 
degrees. Therefore, SaO equals ABS. Thus ah is a sub contrary sec- 
tion, and hence a circle. We may, therefore, make the general state- 
ment that stereographic projection is peculiar in that all circles of the 
sphere project as circles. There are tv^o exceptions to this statement, 
one of which is when the plane of the circle passes through the point 
of sight; the other will be noticed later. (See page 25, Oase I.) 

Iheorem 1. — The stereographic projection of any point of the sphere 
is at a distance from the center of the primitive circle equal to one half 
the tangent of its polar distance. 

In plate 2, Oa is the required distance, and the truth of the theorem 
is readily deduced. 

If a plane be passed through the axes of the primitive and any 
given circle of the sphere, its intersection with the plane of the primi- 
tive is called the line of measures of the given circle. It follows from 
this definition that it passes through the center of the primitive cir- 
cle, and is perpendicular to the intersection of the given with the 
primitive. 

Theorem 2. — The angle between two circles which intersect is the 
same as the angle between the projections of their tangents at the 
point of intersection. 
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Let P be any point on the sphere (Plate 3), S the point of sight, CD 
the primitive plane, p is the projection of P; draw PT and PM tan- 
gent to the circles Pa and Pb ; let P and M be the points in which the 
tangents pierce a plane tangent to the sphere at S, je> and m correspond- 
ing points in the primitive plane. ST and SM will be tangent to Pa 
and Pb at S. Draw pt and pm, SMT and PMT are equal triangles by 
construction ; therefore, the angle MPT equals the angle MST ; but 
MST equals mpi ; hence mpi equals MPT. Q. E. D. 

Corallary.— Since the projections of the tangents are tangent to the 
projections of the circles, it follows that the angles between the projec- 
tions of the circles is the same as that between the circles themselves. 

Corallary. — The angle between the radii of the projections of two 
intersecting circles is equal to the angle between the projections of 
the tan^ients, and to the angle between the circles themselves. 

Since the axis of a circle is at right angles to the plane of its circle, 
the angle between the axes of intersecting circles is the same as the 
angle between the circles themselves, and since the former is meas- 
ured by the distance between their poles, it follows that the angle be- 
tween two circles is equal to the angular distance between their poles« 

Theorem S, — If a small circle be perpendicular to the primitive, the 
projection of its center will be on its line ot measures at a distance 
from the center of the primitive equal to the secant of its polar dis- 
tance. 

Let AB (Fig. 1, Plate IV) be the primitive circle, AB the intersec- 
tion with it of the small circle. At A and B draw tangents ; they 
will both pass through the center of the projection of AB, and deter- 
mine, by their intersection, its position. Draw OS; it is perpendicu- 
lar to A B, and, therefore the line of measures of AB. From the tri- 
angle SAO it is seen that SO is the secant of the polar distance, the 
radius being unity. 

T/ieorem 4- — The center of the projection of a great circle will be on 
its line of measures, and at a distance from the center of the primitive 
circle equal to the tangent of its polar distance. 

Let ABC (Fig. 2, Plate IV) be the primitive circle, and AB the in- 
tersection with it of any great circle of the sphere. At A and B draw 
lines making angles with AB equal to the angles between the circles. 
These lines intersect at O, the center of projection of AB ; draw OS ; 
it is evidently perpendicular to AB, and, therefoie, is its line of meas- 
ures ; also, OS is the tangent of the angle between the given and prim- 
itive circles. 

Theorem 6, — If the inclination of a given circle of the sphere to the 
primitive be called I, and it* polar distance d, then the extremities of 
its diameter are at distances from the center of the primitive circle 
equal to tan. \ (I-d), and tan. \ (I-f d). 

Let CD (Plate II) be the primitive circle, S the point of sight, AB 
any circle of the sphere; ah will be its projection on the primitive 
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plane, and it will be easy to deduce the above values for the distances 
Oa and Ob. 

Theorem 6, — If a right line be tangent to a circle of the sphere, its 
projection will be tangent to the projection of the circle. 

(The demonstration is left to the student as an exercise.) 

CONSTBUCTIONS. 

Principal diameters: The diameter drawn through any point, and 
the one at right angles to it, may be called the principal diameters. 

The plane of the primitive circle is considered to be a vertical plane, 
and the horizontal and vertical diameters are usually taken as the 
principal diameters. 

1. To find the locus of all points having the same polar distance. 
Let C (Fig. 1) be the center of primitive circle. AB and DE be 

the principal diameters ; lay off the arc Bp equal to the polar dis- 
tance. Draw Ap intersecting DC in P. With C as a center and CP 
as a radius describe a circle POH, This is required locus. 

2. To project a circle given the pole and polar distance : 

Three cases arise, the construction for each depending upon theo- 
rum 5. 

Case 1. 

When the pole falls within the primitive circle : 

Let P (Plate V) be the pole. Draw the diameter DE through P, 
also AB at right angles to DE. Draw A P^ and produce it to intersect 
the primitive circle at p. Lay off pm and pn equal to the polar dis 
tance of the circle. Draw Am and An^ intersecting DE in Jfand N. 
MN will be the diameter of the required projection. Bisect it at (?, 
and describe the circle MSN. It is readily seen that Bm equals Bp 
-f- pm (inclination + polar distance), and that Bn equals pn — Bp 
(equals inclination — polar distance). 

Should the polar distance of the circle be greater than the arc pD^ 
the construction would be similar; the point Jf falling outside of the 
primitive circle. This is shown in lower half of Fig. 1 ; NS* M* being 
the projection of such a circle. 

Should the polar distance be the supplement of the inclination of 
the required circle, the point m would fall at ^, and Am would become 
parallel to the diameter DE^ and intersect it only at an infinite 
distance. Hence the radius becomes infinite, and the projection of 
the circle a straight line. To illustrate this, let P" be the pole of a 
circle, whose polar distance equals p" A^ lay off p''n' equal to p" A ; 
draw An\ intersecting DE in M". Then M"S" drawn perpendicu- 
lar to 2?^ will be the required projection. Should the required circle 
be parallel to primitive circle, then its projection is concentric with it. 

PC becomes zero. The radius will equal the polar distance of the 
the circle. 

If the required circle be a great circle the construction becomes as 
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follows (see Plate VI), viz : Let P be the pole ; draw AP and produce 
to p^ then pB equals the inclination of required circle. Now draw arc 
CQ with ii as a center, and -46^ as radius, and lay off CO equal to 
inclination, equal to pB^ draw A and produce to intersection with 
P'E at (?, and the primitive circle at B\ will be the center of 
required projection. (See Theorem 4.) Since it is a great circle it 
must pass through A and B. Hence with as center, and OA as a 
radius, draw ASB. It will be the required projection. 

The following is another and shorter construction : Lay oi3F pB 
equal to pB\ draw B' A^ it will intersect P'E at (?, the center of re- 
quired projection. 

Case 2. 

When the pole of the required circle falls on the circumference of 
primitive circle : 

Let P' be the pole of the required circle (see plate VI), and P' E 
and AB the principal diameters. Lay off P'n and P'm equal to the 
polar distance; draw Am and ^t?, thus determining Jf and iT the 
extremities of the diameter of the projection as in Case 1. The fol- 
lowing construction is shorter, however : Since the required circle is 
at right angles to the primitive circle, the lines drawn Irom the center 
of each to the point where they intersect must be at right angles to each 
other. (See Theorem 2, Corallary.) Hence from P* lay oSP'm equal 
to the pole distance of the circle, m is one of the points in which the 
circles intersect. The center of the required circle lies on the line 
EP\ since EP' is its line of measures. The center will therefore be 
found by drawing a tangent to the primitive circle at m, and finding 
its intersection with EP* at 0. Then with as a center and a radius 
equal to (?m, draw the circle Mmn. 

Case 3. 

When the pole of the required circle falls outside the primitive 
circle : 

Determine the extremities of the diameter as in Case 1, and describe 
the circle upon it. Fig. 1, Plate VII, illustrates the construction. 

3. To find the locus of the center of all great circles that pass 
through a common point: 

Let M be the given point (see Fig. 2, Plate VII). Draw AM and 
produce it to find m All great circles passing through M must also 
pass through a point 180° from M. To find this point lay off mn equal 
to 180°. Draw An and produce it until it intersects D£ in iV". iVis 
the projection of a point 180° from M, MN is therefore a diameter 
common to all the great circles paai^ing through Jf, and the centers of 
their projections will fall in the line OOET^ drawn at right angles to 
MN through its middle point 0. 

A shorter construction is as follows, viz : Lay off Bmf equal to 
2mD ; draw Amf and its intersection with DE will give the point O, 
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Bm! being two Dm^ and Dm being the inclination of the circle through 
M at right angles to DE ; so that CO is, by construction, equal to the 
tangent of the inclination. (See Theorem 4.) Then through O draw 
QOH as before. With O as a center and OM as a radius, draw the 
circle AMfi at right angles to DE. To find the center of the circle 
that makes any angle X with DE^ draw a line M0\ making CMO' 
equal to the angle X ; the intersection of this line with the locus HO 
at 0' gives the center of required circle; then with 0' as a center, 
and a radius O'M draw the required circle MSQ. 

Projection of the Spherical Triangle. 

In the six cases that may arise in the solution of spherical triangles, 
I have selected three, to illustrate the application of the constructions 
given to the projection of the spherical triangle. 

Case 1. 



,/■ \ 



\ 

c \ 

Given A 105^ c 30°, a 75°. \* 



Place A at the center of the primitive circle (see Plate VIII), two 
sides of the triangle will then project as straight lines passing through 
the center of the primitive circle, making an angle of 105° with each 
other. Lay oflFJ/iiC equal to one 105°. This projects the angle A. 
Lay oflF AB equal to c, equal to 30°. Then if with J? as a pole, and 
polar distance equal to the value of the remaining side a^ or 75°, a 
circle be projected, the intersection of this circle with PQ will deter- 
mine the third vertex C, CLC is this circle. It intersects PQ in two 
points: Cand (7, thus giving the two solutions. The centers of the 
arcs BC and BG are found by constructing the locus of all great cir- 
cles passing through a common point, jff. This gives the line DF, 
Then repeat the same construction for C and C ; this will give the 
lines 0""HikXi\ SV. The intersections of 0"" iST and SV with DF 
determines the centres 0'" and 0"'\ since if a point lies on two lines 
it will lie at their intersection. 

The perpendicular required by Napier's Rules would be drawn from 
B to side 5 ; the center of this circle lies on P^, since it is at right 
angles to it, and also on DF^ hence at their intersection. It may fall 
outside of the drawing, as in the present instance. 
• Suppose, however, that Bp is this perpendicular. Then, in solving 
by Napier's Rules, the side h is obtained by solving for Ap and Cp, 
Then h equals Ap±Cp. This is very clearly shown in the figure. 
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Since BC equals BG^ CBC is isosceles, and Cp equals (7|/), and CA 
equals J, equals Cp — Ap^ also CA equals (7^+4?? equals Cp+Ap. 

The projection of a triangle will often enable one to decide whether 
an angle or side is greater or less than 90^, and being a graphical 
representation, it shows at a glance the relations of the several parts 
of the triangle, especially where two solutions occur. 

Cask 2. 



Given A equal to 105®, b 52® 30' and 
^60®. 



a c 

Put A at the center (see Plate IX.) Draw the principal diameters, 
EFsLnd CD. Lay off FAQ equal to 106®. Find projection of vertex 
(7, by theorem B. Now construct the polar triangle of the given one 
as follows : From the definition of polar triangle it is evident that C 
is one vertex and jB" another, hence CB" is one of its sides. If with 
(7 as a pole, the great circle B"A!'A! be described, it will give the 
direction of another side, and since the sides of the polar triangle are 
the supplements of opposite angles in the required triangle, the length 
of third side must be equal to 180®— 60®, equal 120®. 

If then with (7 as a pole, we project a circle of polar distance 120®, 
the third vertex will lie on it, but it also lies on B"A"A\ hence the 
following construction. Lay oS C W equal to 120® ; draw a tangent 
WO'^ and since CD is the line of measures of the required circle, 0' 
will be its center and 0' W its radius. Draw WA"A'; it intersects 
B"A"A' in A" and A', giving two solutions, A"CB" and A'CB'\ 
hence the required triangle has two solutions. The centres 0" and 
0'" of arcs CA" and CA' lie in ^Fand LM^ and are found by draw- 
ing a i)erpendicular to the chords DA" and DA'. The third vertex of 
required triangle is found by projecting two circles, with A" and A' 
as poles, and a polar distance equal to 90® ; the centers of these are 
0'"" and (?"", and the two solutions are ACB and ACB\ 

Case 3. 

B 



Given A 75®, B 60® and C 120®. 
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Place A at the center of the primitive circle, Fig. 1, Plate X, and 
80 project the triangle that C will fall on vertical diameter through 
the center and above, and B to the left Construct FA V equal 
k) 75° ; draw C TT at right angles to VA. Then B' and C are 
vertices of the polar triangle, and B'C one of its sides. The remain- 
ing sides will be equal to 180°—^, and 180°— (7, or 120° and 60°. 
If, then, with B' and C as poles, circles be projected with polar dis- 
tances of fiO° and 120° respectively, their intersection will determine 
the third vertex of the polar triangle. The tangent lines DO and KO' 
determine the centers and 0' of these circles. Then with radii OD 
and O'KdrsLV^ arcs intersecting in A\ the third vertex of polar triangle. 
Finally, with A' as a pole and a polar distance of 90 degrees, project 
a circle. The construction is: draw BQ at right angles to ^P; draw 
BA' and produce to V; lay off VY equal to VQ ; draw ^ Jointer 
secting iV^P in (7', the center of required projection. Then with radius 
0" Q draw CQB, AB C is the required triangle. The required angles 
of any triangle may be measured by drawing the tangents to the in- 
tersecting circles ; the sides may be measured by projecting the polar 
triangle and measuring its angles in the same manner. 

In Fig. 1, Plate VI, let P be the elevated pole of the heavens (that 
pole which is above the horizon of any place is called the elevated 
pole) ; draw PA; let B'AE be the equator. PEi% the altitude of 
elevated pole ; but PE measures the angle PAE and is therefore 
equal to the latitude of P. 

Hence the latitude of any place is equal to the altitude of the ele- 
vated pole. 

Prcdeotion of the Astronomioal Triaiiffle. 



Given lat. 80° N., the declination of a oo d / \ oo.ii 

heavenly body 45° N., and its hour angle 
45° W. 



co,h 

Let P be the pole of the heavens, Z the zenith and Jfthe body. 
Then, as indicated in the diagram, we have given two sides and the 
included angle. Let it be required to project it on the plane of the 
meridian. Let ZNS^ Fig. 2, Plate X.be the primitive circle; Z is the 
zenith; iVa the nadir; iVand ^Sthe north and south points; JS'and 
TT the east and west points, the east point being the point of sight. 
Construction : Lay off ZP equal to the co-latitude, equal to 60° N. 
QE is the locus of centers of all great circles passing through the point 
P. The center of the one making an angle of 45° with the primitive 
circle is at E. Then, with E as a center and EP as a radius, draw PC. 
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This will be another side of the required triangle. Since the length is 
CO rf, or 45° ; if, with P as a pole and a polar distance of 45°, a circle 
be projected, it will intersect PC 46^ from P, thus deteimine the ver- 
tex M. In this case the pole is on the circunjference of the primiiive 
circle. Lay off Pm equal to 45°, draw a tangent to the primitive circle 
at m, and its intersection with WPat Jif gives the center. Then, with 
radius JTm, draw mD, intersecting PC at 3f. Now pass a great circle 
through Z and JU. This is most readily done by drawing a perpen- 
dicular to the chord JTZat its middle point and finding its intersection 
with iV5 at O. With as a center and a radius OZ, draw ZM. PZM 
is the required projection. 

To project the same triangle on the plane of the horizon : 

Let NWSE, Plate XI, Fig. 1, be the primitive circle. Z, the 
zenith, will be the center, and the nadir the point of sight. Construc- 
tion : Lay off ZP equal to co-lalitude, equal to 60°. AB is the locus 
of all great circles passing through P. Draw P(7, making OPZ equal 
to 45° ; then, with O as center and radius OP, draw PM, Then, as 
in preceding construction, project a circle with P as pole and polar 
distance equal to side PM, Then join MZ by a straight line. PZM 
is the required triangle. 

As a further illustration, the following problem is given : Let it be 
required to project the sphere on the horizon of a place in 30° N. lati 
tude and 0° longitude, showing the meridians 45° and 90° east and 
west; the parallels, i-0° N. and 60° N. and 30° S., project the equator 
and join the point A (lat. 60° N. and long 90° E.) with the point B 
(lat. 30° S. and long. ^5° E). 

ENWS, Plate XI, Fig. 2, is the horizon, i\r the north point, 
^the east, etc. The zenith Z falls at the center. Pis the elevated 
pole, 60° from Z. All meridians pass through P; hence, to project 
any meridian, find t/'(^", the locus of the centers of all great circles 
passing through P. OPED is the one 90° E. and 90° VV., with center 
at ; PBD and PGDare ihe ones 45° E. and 45° W., with centers 
at and O", respectively. The parallels 30° N. and 60° N., are pro 
ected Avith P as a pole, and a polar distance equal to 60° and 30°, re- 
spectively. The parallel 30° S. projects into the line 0'0'\ since its 
polar distance is equal to the supplement of its inclination. The points 
A and B are joined by finding the locus of all great circles passing 
through A and 5, and taking their intersection at 0" F', as the center, 
and the radius OA^ and drawing the arc AB. 

Map Projection. 

As it is impossible to represent exactly the earth's surface upon a 
plane, its figure not being one that admits of development, various 
methods have been devised for projecting it, with more or less accu- 
racy, each having some advantage peculiar to itself. Only the polyconic 
method will be here considered, and the shape of the earth assumed 
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to be that of a spherorl, the values of the semi-axes being those de- 
duced by Col. A. R. Clark, R. E , at the British Ordnance Survey 
Office in 1866, viz : 

a=6,3 78,206.4 meters, b-=6,356,583.8 meters ; 
a: b:: 294.98:293.98. 

The following is quoted from the U. S. C. & G. Survey Report for 
1884, viz : " So nearly have these elements been found to represent 
the curvature and magnitude resulting from the triojonometrical work 
of the Coast and Geodetic Survey, that no subsequent change in the 
general dimensions would so far affect the territory of the United 
States as to make it useful to seek a better general surface of projec- 
tion for this country." 

If a cone be passed tangent to the earth's surface, along a given 
parallel" of latitude, and the cone then developed, the parallel will 
develop into a circle, with center at the vertex of the cone, and radius 
equal to the tangent of the pole distance of the parallel. Now if, in 
a similar manner, a cone be passed tangent to each parallel, within 
the limits of the map, each cone developed, and the developed inter- 
sections of each meridian with all the parallels found, and the meridians 
drawn through these points, the projection so obtained is called poly- 
conic. It is of that general class of projection called developments. 

The method may be applied to the entire spheroid, and the succes- 
sive posilions of the tangent cone traced as follows: at the north 
pole it becomes a tangent plane, the radius of the developed parallel 
being zero; now proceeding along an assumed central meridian, the 
cone being passed tangent to successive parallels, its vertex, or the 
center of the developed parallel, recedes along the prolongation of 
the earth's axis. At the equator the cone becomes a tangent cylinder, 
the radius of the development becoming infinite. Hence the projec- 
tion of the equator becomes a right line, perpendicular to the central 
meridian, all the other parallels are also perpendicular to the central 
meridian and concave to the equator. Passing beyond the equator 
towards the south pole, the vertex of the tangent cone passes from an 
infinite distance beyond the north to an infinite distance beyond the 
south pole, and then proceeds towards the earth, until, when the 
cone becomes a plane, it coincides with the. south pole. There thus 
results a figure that is symmetrical with reference to two axes, at 
right angles to each other, these axes being the central meridian and 
the equator. 

The polyconic method as outlined above has the following general 
properties : 

(1) The maridians anl parallels are perpendicular to each other 
as in space. 

(2) The scale along the central meridian and the parallels is accu- 
rate ; in other directions nearly so. 
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(3) The distortion of areas is not excessive. It increases towards 
the limiting meridians. 

(4) It is impossible to have the meridians and parallels at right an- 
gles to each other, and preserve the equality of areas. Either must 
be sacrificed to some extent, usually the latter. 

Oonstruotion of Maps. 

Having determined the limits of latitude and longitude of the area 
to be projected, and the scale of the map, draw the central meridian, 
assume the intersection with it of the extreme northern parallel. 
From this point lay off the actual arc of the meridian to the central 
and extreme southern parallel ; draw through these points, with great 
accuracy, perpendiculars to the central meridian. Since in any prac- 
tical case the center of the developed parallel is inaccessible, it be- 
comes necessary to plot the developed intersections of the meridians 
and parallels by means of coordinates. {The formulas to obtain 
these will be given later. See page 34). Lay off the coordinates X 
along these perpendiculars, and through these points lay off the coor- 
dinates Y parallel to the central meridian. This will give three pointa 
on each meridian, and though their projections are curved lines, in 
any map not covering more than two hundred square miles, it will be 
impossible to detect the curvature, hence straight lines through these 
points will determine the meridians usually. Next divide the distance 
between the points Y on the meridians into a number of equal parts 
whose value shall be the same as the interval between the meridians. 
Through the points thus obtained draw curved lines to represent the 
parallels. 

Deduction of Formulas for the Oonstruotion of Tables. 

Since the earth may be assumed, for the purposes of map projec- 
tion, to be a spheroid, the meridians will be ellipses, the semi-axes as 
given above. The parallels of latitude are circles, since they are the 
intersection of a surface of revolution by a plane at right angles to 
the axis of revolution. 

Radius of Ourvature of Meridian. 
Let R be radius of curvature of the meridiun, then 

«_ii±a)T„) 

Differentiating a*y'+bV— a*b', substituting and reducing we get, 

To find x' and y*, let Pplate XII be any point on the surface of the 
earth ; A B the meridian obtained by passing a itlane through P and 
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the center of the earth. PF the normal. PQE the latitude of the 
point P. Since ABC i8 an ellipse we have 

QE b* QE' h* 
But GE^=y'^ cot^ L=(a!b!z^^ cot' L. 

^2 a* (a»— x«)cot »L 



(3.) 



Solving (3) for x^ 






a* cot» L 



(4.) 



From plate 12, 



bHa' cot» L 
a a* C08" L] 

^ b» 8iQ'» L+a» ooe» L 

y2=GEftan»L. 
— ^OE' tan^ L. 

_ -2 

Substituting value of OE from (4), and reducing we get 
v2 ^ ^MbLL— (k \ 

y — . b« 8ln» L-i-a« cos* L ^*^'J 

Substituting x^ and y' from (4) and (5) in (2) and reducing. 

-p ^^ a«b « a'b« ^ 

■^ *^ (b» 8ln» L-|-a» cos' L)3 ^™ "rca*— b«)ooe« L+b» < § 

Let e equal' the eccentricity of the meridian then 
a''— b'==aV and b'=a" (1— e') 
substituting and reducing we get 

"R a'g— e*) ra\ 

^ — (l-©«8ln'»L)i^"; 

Length of normal to transverse axis. 

On P^ Plate XII lay off Pm equal to dy; draw m^ parallel to 
AC\ then since PG is the normal, ms equals dx, and Pm equals dy, 
and P.S^ ja^+d^^r 

PG PF 
PS~Pm 

or PG^J^j^+ iZy (1) 

Substitute the value of d:^ ^^ C^)' ^^^ ^^ *® resulting equation 
substitute the values of x* and y' from equations (4) and (5). After 
reducing we get 

Length of normal to intersection with minor axis. 
The normal is now PF Plate XII, equal to N. say : 

PG GF. ^PG^J-GF;_GE.+ G0 PF^OB^a* . ^_p^ ^ a« 
GP-QO ^"^ — PG GE "^PG GE b« • .'^-'^^^b* 

Substitute the value of PG from (8), and we get : 

N« ^ 

-^^ (b* sin" L + a* cos^ L) i 

or reducing and substituting the value of e, as before, 
3 State CoLLBeB. 
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N= - (I ) 

Comparing (I) with (6) we get: 

R'=N<^')(II.) 
Let r be radius of the parallel, through P, or PD, then from plate XII. 
r'=N COS. L (///.) 

Let r' be the radius of developed parallel, or slant height of tangent 
cone, then, 

r=NcotL(7F;) 
Let I be the length of an arc of the parallel, C the angle it subtends 
at the vertex of tangent cone when developed, C the angle it sub- 
tends at the center of parallel before development. 
Then, 

C=-l and C'="} 

. C^ _r N cos L • J 

• • C r' N cot L ^*" •^• 



or C=:=C' sin L ( V.) 

In plate XIII, VMh the central meridian, Fthe vertex of tangent 
cone, and A 2? the corresponding developed parallel. If Phe the 
developed position of intersection of the parallel with a given me- 
ridian, then the coordinates of Pare On=xandnP=y, and evi- 
dentlj'' 

X=«r' sin C / rry 

y=2r'siniCi ^^• 
Regrouping the preceding formulas we have 

Normal produced to Minor Axis N=^j::^,gj^jy^ (I.) 
Radius of Curvature of Meridian R=N^(^') (II.) 
Radius of Parallel r=N cos L (III.) 

Radius of Developed Parallel r'=N cot L (IV.) 

C=C'sinL (V.) 
Coordinates of Curvature x=r sin C, y=2 r sin ^^ C VL 

Length of 1 min. of meridian =R (60 sin 1") 

a (1— eg)X(608in 1'^) 

(l-e«Bin«L)| ^" 

Length of 1 min. ot parallel =r (60 sin 1") 

a cos L (60 sin 1'^ vm 

From these, tables for map construction may be computed. Equa- 
tions I to VI are of the form given in the D. S. C. and G. Survey Re- 
port for 1884, Appendix No. 6. In the same report extended tables 
are given, covering every case form 0° to 90° latitude. 
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Perspective. 

If the i)oint of sight be at some liaite distaace from an object the 
projection is called Scenographic, and gives a persj^ective of it. That 
is it represents an object as it appears to be, not as it really is. 

Definitions. A visual ray is a right line drawn through the point of sight. 

A plane of rays is one passed through the point of sight. 

The plane upon which the perspective is made is called the plane of 
the picture. 

The intersection of the horizontal plane of rays with the plane of 
the picture is called the horizon. 

Having determined the relative positions of the point of sight, 
plane of picture and object, the perspective of any point of the object 
is where the visual ray through the point pierces the plane of the picture. 

If a plane of rays be passed through any right line its intersection 
with the plane of the picture is the perspective of the line. 

It follows from this definition that the perspective of a vertical line 
is parallel to the line itself ; also^ that the point where any line cf 
the olject pierces the plane of the picture is a point in the perspective 
of the line. 

If a visual ray be drawn parallel to a right line or system of parallel 
right lines of an object, the point where it pierces the plane of the 
picture is called the vanishing point of the line, or of the system of 
parallel lines. If the line or system be horizontal, as is usual in any 
practical problem, the vanishing point is in the horizon. 

The vanishing point of a right line or a system of parallel right 
lines is evidently the perspective of the infinitely distant point in 
which the line or each line of the system intersects the parallel visual 
ray. Hence the vanishing point of a line or system of parallel lines 
is a point in the perspective of each of them. 

The perspective of any line may then he found hy joining the point 
where it pierces the plane of the picture with its vanishing point. 

The perspective of curved lines may usually be found by drawing 
auxiliary lines such as tangents and diameters, and finding the per- 
spectives of them and sketching in the perspective of the curve. 

If it be a circle its perspective will in general be an ellipse whose axes 
can be readily determined and points on its circumference constructed. 

It is believed that the above statements in italics can be made to 
cover every construction in perspective that may arise in the practice 
of mechanical draughting. 

These are illustrated in the following examples . 

Let AC and A'C^^ be the horizontal and vertical projection of a 
cube. (See plate XIV) S and S' the projection of the point of sight. 
MN the ground line or horizontal trace of the plane of picture. S' V 
will be the horizon. Through S draw SE parallel to DC ; it pierces 
plane of picture in the horizon at V. V is therefore the vanish- 
ing point of DC and AB. DC pierces plane of picture at F, and VF 
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is the perspective of DC. The perspective of D is where the ray 
through D pierces the plane of the picture. Draw the horizontal 
projection of this ray SD, produce it to the ground line, at the point 
of intersection G draw GH perpendicular to it and the point where 
the ray SD pierces the plane of the picture (i. e. the perspective of 
D) will be somewhere on it. Since it lies on two lines it must be at 
their intersection, hence D" is the perspective of D. The construction 
may be summarized thus : Find the vanishing point of the line ; find 
where the line pierces the plane of the picture. The line drawn 
these two points is the perspective of the given line. To find the 
perspective of any point on this line draw visual ray through it, pro- 
. duce it to horizontal trace of the plane of picture, at this point draw a 
perpendicular, where it intersects the perspective of the line is the 
perspective of the point. 

The following arrangement of the parts of this perspective as on 
plate XV gives more satisfactory results. Obviously we may place 
the line S' V anywhere we like, provided we keep the relation be- 
tween the points S, S' and V unchanged. Let S, MN and ABOD, Plate 
XV represent the same as on Plate XIV. Let EFGH be the eleva- 
tion of the cube, and XY the horizon. (This figure may be on any 
convenient part of the paper, or on another sheet entirely.) Through 
S draw ST parallel to DA, at T draw TW perpendicular to MN. 
Through any point H draw HH parallel to MN, and take this as the 
horizon line. To get the perspective of DA draw SDD", then D" K 
perpendicular to the ground line MN ; produce DA to A", draw A" L 
perpendicular to MN, from O lay off OL equal to YF ; draw HL and 
produce it to intersection D' with D" K. HD' is the perspective of 
DA and D' of D. To get A draw S A, produce to R, draw the perpen- 
dicular RA' and its intersection A' with HL is the perspective of A. 
Thus the perspective of the object can be made to fall in a convenient 
place on the sheet and the confusion of lines in plate XIV avoided. 

It will not usually be necessary to use more than one vanishing 
point. 

The following convenient device enables the draughtsman to use 
an inaccessible vanishing point. In Plate XVI let FG represent the 
drawing-board, MV the horizon, V the vanishing point. A is a piece 
of half-inch stuff, AA the arc of a circle, with center at V, radius 
VN. B is a T-square, the head B is of same material as A and 
formed by same saw cut. C is the blade of the T-square. The piece 
A is glued or tacked to the drawing-board, being adjusted to the hori- 
zon line. The radius VM being the difference between MN and MV 
is known, the arc AA should be long enough to include the highest 
and lowest lines in the object. 

Respectfully submitted, 

Louis H. BARNAne, 
Professor of Civil Engineering. 
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(>. MENTAL AND MORAL SCIENCE, AND ENG- 
LISH LITERATURE. 



George W. Atherton, LL. D., President: 

Sir : The work of my department was, at the first of February 
last, seriously threatened by my illness; but within a few days, 
through the kindness of three of my colleagues, provision was hap- 
pily made for most of my classes. In brief, the arrangements made 
were as follows : one class (special) was dropped altogether, and 
another class (Sophomore Latin, three hours per week) was transferred 
to the spring session by an exchange with Professor Reeves ; two classes 
(Rhetoric and Moral Science, four hours each) were given full hours 
of instruction by Professors Jackson and Heston, and one class 
(Freshman Latin, five hours) was taught by Professor Herrick, whose 
regular duties however did not permit him to give the allotted time. 
No exchange was made with a view to my making up this lost time 
in the spring session, and such an exchange would hardly have been 
feasible, as I taught seventeen hours per week during that session, 
besides giving four hours per day to my work in the president's office. 
In the fall session, my work (nineteen hours per week) was more en- 
joyable to me, inasmuch as it was done under no disadvantages, but 
it had no features of special interest. 

The blackboard surface in the class-room is rough and broken, and 
should be repaired at once if the room were otherwise suitable : as it 
is too small for the classes, one of which numbers twenty-two, I re- 
new my request that there be assigned for my work a larger and more 
commodious class-room, with a small office attached. Number 218 
and room adjoining illustrate the combination that would be desira- 
ble, and I trust that some such provision will be made before the 
opening of the next college year. 

The appropriation of last year ($50.00) for the purchase of charts, 
atlases, etc., is unexpended. The reason for this surprising fact is as 
follows : Some of the material was not found to be obtainable in the 
form desired, and replies to inquiries came very tardily, some ques- 
tions having been answered since the close of the year and others re- 
maining yet unanswered; it therefore seemed probable that the 
money could be better distributed and more wisely expended after 
the receipt of full information on all points involved. Accordingly, 
although one small purchase had been made, I decided to leave the 
appropriation untouched, and to ask, as I now most earnestly do, that 
the grant be renewed, and that I be authorized to have some charts 
made to order, if this seem desirable. 

I desire to repeat the statement of my last report, that the college 
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library is almost wholly destitute of books suited to the wants of my 
department. Now that provision has been made for the great and 
pressing needs of the technical courses, and that the growth of my 
classes has made more evident the inadequacy of my library to sup- 
ply their wants, I must urge the request previously withheld in defer- 
ence to the greater wants of others. Let me illustrate briefly the 
needs of but one branch of my work. The objects commonly soughl 
in the study of English literature are three, an intelligent, apprecia- 
tive enjoyment of good literature, that culture which has been claimed 
so often as the exclusive product of training in the Greek and Roman 
classics, and an analytical and critical acquaintance with the treas- 
ures of our mother tongue. The first of these results is usually ob- 
tained through or in connection with the other two ; an4 those two 
require that the student have access to such aids as are possessed 
by classical students, dictionaries, standard editions of early works, 
and all that is needful for a right understanding of the historical, 
mythological and other allusions in a work read, for a full presenta- 
tion of the rhetorical, dramatic, and metrical laws which may aflfect 
its structure, and for a clear conception of the life of the author and 
his relation to the times in which he lived. 

Permit me to call attention again to a line of instruction related to 
my work though not included in it, practice in English composition. 
In an institution such as ours, there is a constant call for men and 
money in the higher parts of the courses and especially in the purely 
technical studies, and, in the face of this pressure tnat tends to dwarf 
or starve all lower-class work, it is not surprising that no special pro- 
vision has been made for the subject named. Accordingly, the essay 
work is distributed, session by session, among the professors who seem 
to be least burdened. The disadvantages of this arrangement are so 
great and so well known to you that I trust you will urge and the 
board will make provision for the appointment of a 'professor who, 
while taking charge of rhetoric and the theory of expression, shall secure 
to each student, throughout his college course, regular, progressive, 
and appropriate practice in the diflFerent forms of composition, and, 
in general, shall aid his pupils in gaining both excellence of style and 
facility in the oral and written expression of thought. With the 
duties of this professorship might be combined instruction in Anglo- 
Saxon and some other kindred work ; but I believe that the duties 
previously named would, of themselves, fully justify the employment 
of the additional professor. 

Another tendency to be guarded against in polytechnic colleges is 
that towards filling the technical courses with studies that are wholly 
technical, to the rigid exclusion of those studies that train for man- 
hood and citizenship rather than for professional life. You have un- 
doubtedly noticed this tendency elsewhere; the illustration which I 
would give is in connection with the study of logic. I have urged 
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above that the college should develop in all students the power of ex- 
pressing thought ; not less important is it to develop the power of think- 
ing, and especially to make scientific students familiar with the 
methods of inductive thought that direct scientific investigation and 
underlie the advances of modern research. Logic, then, as ^' the in- 
dispensable foundation and an ever-present though often hidden fac- 
tor in all good thinking and writing," has valid claims to a place in 
every course which leads to a diploma. 

Bealizing that many subjects are now claiming your attention, I 
have nevertheless asked your consideration of the changes suggested 
in this report, from an earnest conviction that they will, if adopted, 
prove beneficial to the institution. 

Respectfully submitted. 

Jas. Y. McKee. 
State College, Pa., January 15, 1889. 
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7. IIORTICULTUKE. 



Geo. W. Atherton, LL. D., President : 

Sir : I have the honor to submit this, the report of the work of the 
Horticulture Department for the year 1888, together with additional 
instruction. 

During the winter term of this year a class in Free-Hand Drawing, 
of twenty-five members, was under my direction. The work assigned 
to the students begins with straight and curved lines, passing into 
surfaces involving forms that illustrate symmetry, equality, regularity 
and beauty in outline. Then follows drawing of objects. This last is 
a difficult step for those students who have but little [aptitude in re- 
presenting things as they see them. It is quite common to find per- 
sons making a picture of a cube to show five of it sides and attempt- 
ing to make all the angles, right-angles in drawing. To aid in mak- 
ing the transition from surfaces to objects, sometime is spent in draw- 
ing from copies, before the objects are given to the students. Some 
drawings are made from memory, such practice being a good test of 
the power of perception and tending to originality of representation. 

The importance of this work is being appreciated more and more as 
we advance in the work of education, for no verbal description will 
serve to convey, so perfectly as a good drawing, the conception of 
any object; and, whatever science is studied, nothing will leave a bet- 
ter impression upon the mind of the student than a drawing by his 
own hand of the things he sees. The work of this class is continued 
throughout the spring term also. 

A preparatory class of twenty members was under my instruction, 
in the study of zoology during the winter term, following the out- 
line in " E. S. Morse's First Book in Zoology." The study was con- 
fined to the appearances and habits of the familiar animals, many of 
which were provided for the class to dissect, to prepare drawings from, 
or to mount upon cards for the cabinet. 

In the spring term, beside the free-hand drawing above referred to, 
I had a preparatory class in botany, consisting of twenty-four mem- 
bers, and a class of eleven Freshmen in horticulture practicum. This 
work was principally out of doors, such as pruning vines, grafting 
apple trees and applying insecticides upon trees and shrubs found on 
the campus. With the assistance of this class, a list of all the trees 
and shrubs on the campus was made, to aid in familiarizing the student 
with the various ornamental materials used in beautifying grounds. 
The list will be found appended to this report. The students were 
then required to study and write out the history of these trees, their 
description, their usefulness for ornamentation, their value in the 
question of forestry and their propagation. 
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In the fall term my work of instruction waft as follows : A prepar- 
atory class of twenty-six members in physiology; class of seventeen 
Freshman in horticulture practicum, much of which, owing to the 
size of the class was necessarily in the form of lectures ; a class of 
two Sophomores, taking one of the courses in agriculture, having lec- 
tures on advanced work in horticulture, and a class of eleven Juniors 
in botanical practicum, which is chiefly plant analysis. 

In regard to other work of the department I would report as fol- 
lows : The two small green-houses erected in the late fall of 1887 
were put in operation in the latter part of March, 1888. About forty 
dollars worth of stock plants were purchased. These have been 
greatly multiplied by propagation. Some of the plants valuable for 
the conservatory are becoming too large for these small houses, but 
are retained in anticipation of the conservatory to be completed over 
the foundation already laid. 

By the authority of the board we secured a gardener to do such work 
as requires skill and experience. The same individual to act as gard- 
ener to the Experiment Station. A very efficient workman was found 
in Mr. George Olley, whose services began April 1, 1888, and con- 
tinued until November 6, 1888. At this time a serious disease made 
it impossible for him to carry on the work The place thus vacated 
is not yet filled, but it is expected that it will be by the 5th of January, 
1889. Additional labor on the campus for the year, including the 
vineyard and orchard, has cost us $520. The appropriation for 1888 
to this department was exhausted in the first seven months, and, 
although so much improvement is sadly needed on the grounds, noth- 
ing could be done to make the new buildings accessible by proper 
roads and walks. There has been a slight income to the department 
from produce. Extra care was given to the vineyard and an unusu- 
ally fine crops was the result. 

The income from the sales of the year was as follows : 

Grapes, 2,112 fcs. $67 81 

Apples, 123 bus. 45 94 

Cider, .' 736 gals. 54 19 

Plants, flowers, etc.^ 12 28 

Total, $180 22 

Relative to the work of the coming year, I beg to call attention 
through this report to the immediate need of proper walks and drives 
on the college grounds communicating with the new buildings. So 
much additional territory has been added to the campus that a special 
appropriation for such new work is absolutely necessary. Before 
anything definite is done on the grounds, I would recommend that a 
plan of the entire place be prepared and adopted, by which any part 
of the grounds may be finished as belonging to a harmonious whole. 
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It is true that the landscape of most American uniTersities is the re- 
sult of piecemeal work, as suggested by present con venience or fancy, 
and expensive changes have often been imperative. It is interesting 
to note that the Leland Stanford, Jr., University has adopted a gen- 
eral plan covering its J,000 acres of property, and all buildings now 
being erected and to be erected in the future will be placed with ref- 
erence to that plan. 

An appropriation of $800 will be needed to carry on the work of the 
coming year, and if new work about the recent buildings is to be un- 
dertaken an additional sum will be required for it. 

Respectfully submitted. 

Qbo. 0. BuTZ. 

State College Pa., January 2^ 1889. 

Following is a list of the trees and shrubs growing on the campus 
of the Pennsylvania State College, giving the botanical and common 
names, the number of each species, and the years when the trees 
were respectively planted, as near as could be determined with but 
little record : 



Botanical Name. 


Common Name. 


Year of planting. 


No. of plants. 


Abies Canadensis, .... 


Hemlock spruce, . . . 


1860 


6 


Abies Canadensis, .... 


Hemlock spruce, 






1888 


4 


Abies exeelsa, 


Norway spruce, . 






1860 


27 


Abies exoelsa, 


Norway spruce, . 






1875 


18 


Abies exeelsa, 


Norway spruce, . 






1882 


1 


Abies exeelsa, 


Norway spruce, . 






1887 


2 


Abies balsamea, 


Balsam fir, . . 






1878 


8 


Acer platanoides, .... 


Norway maple, . 






1872 


144 


Acer platanoides, .... 


Norway maple, . 






1876 


8 


Acer platanoides, .... 


Norway maple, . 






1888 


4 


Acer dasycarpum, .... 


Silver maple, . . 






1860 


24 


Acer dasycarpum, .... 


Silver maple, . . 






1881 


1 


Acer rabrum, 


Red maple, . . . 






1882 


4 


Acerrubrum, 


Red maple, . . . 
Mountain maple. 






1888 


2 


Acer spicatam, 






1882 


4 


Acer saccharinum, . . 


Sugar maple, . . 






1878 


7 


Acer saccharin um, .... 


Sugar maple, . . 






1882 


4 


Acer pseudo-platan us, 
Acer macrophyllum, . . . 


Sycamore maple. 






1882 


8 


Large-leaved mapl 


B| 




1882 


6 


Aesculus bypocastanum, . 


Horse chestnut, . 






1875 


3 


Aesculus bypocastanum, . 


Horse chestnut, . 






1882 


1 


Aesculus bypocastanum, . 


Horse chestnut, . 






1886 


3 


Aesculus florepleno, . . . 


Horse chestnut, . 






1875 


1 


Aesculus glabra, 

Aristolochia sipho, .... 


Ohio buckeye, . . 






1882 


1 


Dutchman's pipe. 






1882 


1 


Arapelopsia quinquefolia. 


Virgbiia creeper. 






1882 


3 


Ailanthus glandulosa, . . 


Tree of heaven, . 






I860 


2 


Berberis Canadensis, . . . 


American berberry. 




1875 


2 


Berberis aquifolia, .... 


Mahonia, ... 




1882 


20 


Betula populifolia, .... 


American white birch, . 


1860 


1 


Betula populifolia, .... 


American white birch,. 


1882 


13 


Betula papyi-acea, 


Paper birch, 


1882 


2 


Betula papyracea, 


Paper birch, 


1888 


4 


Catalpa speciosa, 


Catalpa, 


1882 


4 


Catalpa speciosa, 

Carpinus Americana, . . . 


Catalpa, 


1886 


5 


American hornbeam, . 


1887 


2 


Cercis Canadensis, .... 


Judas tree or red bud, . 


1886 


4 


CalycAnthus floridus, . . 


Sweet-scented shrub, . 


1882 


1 


Cerasus Mahaleb, .... 


Mahaleb cherry, . . . . 


1875 


1 


CerasuH Yirginiana, . . . 


Choke cherry, . . 






Native. 


3 
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Botanical Namb. 


Common Name. 


Year of planting. 


No. of plants. 


Celastrus scandens, . . . 
Clematis Yirginiana, . . . 
Cornus sanguinea, .... 
Corn us sanguinea var., . . 
Carya amara, .... 
Celtis occldentalis, .... 
Cory 1 us Americana, . . 
Euonymusradicansvar., . 
&nonymus atropurpurea, • 
£ulalia japonica var., . . 


Bittersweet, 

Yirgin's bower, .... 

Red dogwood, 

Variegated dogwood, . 
Bittern ut hickory, . . 
American hackberry, . 
Hazelnut, 


Native. 

Native. 
1888 
1888 
1875 
1875 

Native. 
1882 
1882 
1882 
1875 
1882 

1868 

1882 
1875 
1882 
1885 
1887 
1875 
1888 

1882 
1875 

1887 
1888 
1882 
1886 
1882 
1886 
1872 

1884 
1872 
1882 
1887 
1888 
1860 
1888 
1888 
1886 
1888 

1882 

1882 
1887 

ias8 

1882 
1S88 
1860 
1888 
1860 
1882 
1882 
1888 

1888 

1875 

1860 

Native. 

1882 
1888 
1888 
1882 
1859 
1888 
1884 
1876 
1882 
1860 


1 
1 
4 
2 
2 
1 
Cluster. 
1 


Spindle tree, 


3 
1 


Forsythia viridissima, . . 
Forsythia viridissima, . . 
Fagus sylvaticus purpu- 

reus, 

Fagus sylvaticus purpu- 

reus, 


Golden bell, 

Golden bell, 

Purple beech, 

Purple beech, 

American ash, .... 
American ash, . . . . 
American ash, .... 
American ash, .... 
Honey locust, .... 
Rose of Sharon althaea. 

Hardy hydrangea, . . 
Snowdrop tree, .... 
Snowdrop tree 


14 

1 

1 
2 


Fraxinus Americana, . . . 
Fraxinus Americana,* . . 
Fraxinus Americana, . . 
Fraxinus Americana, . . 
Gleditchia triacanthos, . . 
Hibiscus Syriacus, . . . 
Hydrangea paniculata 
grandiflora, ..... 


2 

2 

16 

2 

1 
1 

2 


Haleaia tetraptera, . 
Halesia tetraptera, . 
Juniperus venusta, . 




1 
1 
3 


Jutrlans nifirra. . . . 




American black walnut, 
American black walnut. 

Red cedar, 

Red cedar, .... 
Tartarian honeysuckle, 
HalPs Jaimn honey- 
suckle, 

Tulip tree, 

Tulip tree, 

Tulip tree, 

Tulip tree, 

European larch, .... 
European larch, . . . 
Umbrella magnolia, . . 
Cucumber tree, .... 


7 


Juglans nigra, . . . 




4 


Juniperus Yirginiana, . . 
Juniperus Yirginiana, . . 
Lonicera tartarica, .... 
Lonicera Halleana, .... 

Liriodendron tulipifera, . 
Liriodendron tulipifera, . 
Liriodendron tulipifera, . 
Liriodendron tulipifera, . 
Larix Europea, 


4 

1 
4 

1 
3 
4 
2 
1 
1 


Larix Europea, . , . . . 


1 


Magnolia tripetala, . 
Magnolia acuminata, 
Magnolia purpurea, 
Nymphea odorata, . 

Negundo aceroides, 
Negundo aceroides, 
Negundo aceroides, 
Pinus sylvestris, . . 
Pin us sylvestris, . . 


. . . 


4 
1 
1 


. . . 


Fragrant white pond 
liFy, ...... 

Box elder, 

Box elder, 

Box elder, 

Scotch pine, 

Scotch pine, 

Austrian pine, .... 
Austrian pine, .... 

White pine, 

Sycamore, 

Japan quince, 

Lom hardy poplar, . . . 

Weeping poplar, . . . 

Mock orange, 

Locasttree, 

Black raspberry, . . . 

Double-flowered spirea. 


10 
2 
2 
3 
1 
4 


Pinus Austriaca, 


8 


Pinus Austriaca, 


3 


Pinus strobus, 


4 


Platanus occldentalis, . . 
Pyrus japonica, .... 

Populus dilatata, 

Populua grandidentata 
pendula, 


6 

1 
2 

1 


Philadelphus coronarius, . 
Robinia pseudacacia, . . . 
Rubus occiden talis, . . . 
Spirea prunifolia flore- 
pleno, 


3 

2 
5 

1 


Spirea crataegifolia, 
Spirea callosa, . . . 




2 






1 


Syringa vulgaris albus, . 
Saltx Babylonica, .... 
Salix caprea pendula, . . 
Typha latlfolia, 


White lilac, 

Weeping willow, . . . 
Kilmarnock willow, . . 
Cat-tail flag (in pond), 
American arbor vitae, . 
American arbor vitae, . 
American linden, . . . 


1 

1 

2 

50 


Thuja occldentalis, . 
Thuja occldentalis, . 
Tilia Americana, 




4 

1 
2 
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BOTONICAL NaMS. 


Common Name. 


Year of planting 


No. of plants. 


Tilia Americana, 

Tilia Americana, 

Ulmus campestris, .... 
Ulmus Americana, . . . 
Ulmus Americana, .... 

Vitis cordifolia, 

Viburnum opulus sterilis, 
Weigelia rosea multiflora, 
Weigelia rosea multiflora, 
Weigelia variegata, .... 

Weigelia rosea, 

Wistaria sinensis, .... 


American linden 
American linden 
English elm, . 
American elm, 
American elm. 
Frost grape, . . 
Snow-ball tree, 
Weigelia, . . . 


f 
t 




1882 
1887 
1888 
1859 
1878 
1878 
1882 
1882 
1888 
1882 
1882 
1882 
1882 


1 
1 
2 

1 
1 
i 
1 
4 


Weigelia, . . . 






2 


Var. weigelia, . 
Weigelia, . . . 






1 
3 








1 


Yucca filamentosa, .... 


Adam's needle, 






20 



Geo. 0. BuTz. 



Digitized by LjOOQIC 



Off. Doc.] Pennsylvania State College. 46 



8. LADIES' DEPARTMENT. 



George W. Atherton, LL.D., President : 

Sir : For several years past there has seemed to be no occasion for 
a special report for the Ladies' Department of the College. Reports 
from the different departments of instruction covered the class work 
of the ladies ; and other matters relating to this branch of the insti- 
tution required no special mention, since the Trustees were known to 
be providing for its wants as fully as existing circumstances allowed. 
The increase of facilities in other directions, however, now encour- 
ages the hope that some much needed improvements in this depart- 
ment may receive favorable consideration. 

The general policy of the institution being to undertake only what 
it can do thoroughly well — the question whether to increase the ac- 
commodations and facilities of the Ladies' Department, or abolish it 
altogether, should now be discussed. Thus far the thought has been 
not to advertise this department prominently, nor to offer special in- 
ducements to ladies to enter it, but simply to receive such as chose 
to avail themselves of the same opportunities as were offered young 
men. The institution being largely, if not strictly technical, was not 
likely, in the state of public opinion at the time of its opening to 
ladies in 1871, to draw a large number of young women. Conse- ' 
quently, for the first ten years very few entered with the purpose of 
taking a full four years' course. A considerably larger number entered 
the preparatory department, but were content with one or two years 
there, or even less. Up to 1884 but three ladies had been graduated 
from the full four years' course. In September, 1884, the course 
known as the " Ladies' Course in Literature and Science," covering 
two years' college work, went into operation. Since that time there 
have been three graduates in the full four years' course, and four in 
the two years' course. For two years past the special course has had 
no students, and the full courses a larger number than ever before — 
there being nine in 1886-7 and ten in 1887-8. Nine are now carrying 
full work. One in the " Natural History Course," three in the " Gen- 
eral Science " and five in the *' Latin Scientific Course." Another is 
teaching, at present, and taking certain subjects in the college with a 
view to resuming her place in the Sophomore class in the spring ses- 
sion ; her purpose being to complete the course in " Advanced Chem- 
istry." It is a gratifying fact that these students, with scarcely an 
exception, maintain a high standard of scholarship^ some of them 
being among the first in their classes in the higher mathematics, as 
well as in literary work. 

The whole number of ladies in the institution is not included in 
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the foregoing statements. The number in the preparatory depart- 
ment, the present year, is fifteen, making a total of twenty-five, "which 
has been about the average number of lady students for the last few 
years. The percentage of young women, therefore, to the whole body 
of students compares very favorably with the number in similar in- 
stitutions such as " Cornell University," " The Illinois Industrial Uni- 
versity," " Furdue University," etc. The facts mentioned are suflB- 
cient evidence that the maintenace of this department in the college 
has met a public demand. If so fairly satisfactory results have been 
obtained by admitting young women on siiff'erance, so to speak, it is 
reasonable to expect that the department might be made one of the 
most successful in the college, by the introduction of some much 
needed changes. 

I am aware that the Trustees, as well as those more directly affected 
have felt the need of suitable quarters, ever since ladies were admit- 
ted. With the increase of male students the case has become more 
urgent. The department now occupies a small portion of the third 
and fourth floors of the main building. There is no opportunity for 
furnishing board to the young ladies in these quarters, and it is im- 
possible to secure a suitable permanent boarding place in a private 
family. A very satisfactory arrangement has been made for the 
remainder of the present year, by which all are accommodated at a 
private table in the building. But even if the same rooms on the 
second floor could be secured for another year, it is not at all probable 
that the present arrangement could be continued, the circumstances 
being such as to make the work of providing for a large family very 
difficult. The old system by which such as preferred to do so were 
allowed to board themselves has been this year discontinued. The 
college could not well afford longer to give the necessary room for 
kitchen and dining room, and the general effect on the health of those 
who availed themselves of the privilege was believed to be injurious, 
to say nothing of the discomforts to which others were thereby sub- 
jected. The question of board alone will, therefore, be a very per- 
plexing one at the opening of another year. That the ladies should 
be expected to find separate places in the village, wherever possible, 
as is now done by the gentlemen is not to be thought of, and it is gen- 
erally admitted that a refined family life plays no small part in the 
liberal education of young women. A building to accommodate forty 
persons, if the same proportion as heretofore continue to reside with 
friends in the neighborhood, would be entirely adequate to the de- 
mand, for the next few years. Such a building, if properly con- 
structed, could be used for other purposes should it seem inadvisable, 
at the end of a fair trial, to continue the department separately. 

Next in importance to suitable quarters is the need of certain new 
lines of training for the ladies, in place of some of the present prac- 
ticums. An option has heretofore been allowed in the Mechanic Arts. 
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and Surveying, the only possible substitute being music. This substi- 
tution has been, in nearly all cases, very unsatisfactory ; for the rea 
son that not all young women have a taste for that art, and the mere 
substitution gives no opportunity for the systematic study of music. 
This will be understood from the fact that the election is possible for 
only six hours per week, in the winter session of the freshman year ; 
for four and two hours per week, in the fall and winter sessions, re- 
spectively, of the Sophomore year. The total number of hours possi- 
ble for the study of music, in connection with a full College course, is 
therefore inadequate for even an elementary knowledge of that 
branch, and is likly to give the student the impression that it is a 
mere makeshift, to fill up the required number of working hours. It 
is understood that music constitutes no part of any College course of 
studies, and facilities for instruction and provided only to meet the 
wants of such as especially desire to study music in addition to their 
regular work. It is doubtful whether it would be well to change this 
policy, and introduce the study of music into any course leading 
up to a scientific degree. The subject is not one which meets the 
needs of all students, and many cannot afford the additional expense. 

The present extended work in Mechanical Drawing, also, has not the 
same practical utility for the ladies that it has for the young men, 
and, though one of the praclicums required of all, it has thus far 
failed to commend itself as a wise expenditure of time and effort for 
young women in general. The establishment of a systematic course 
in Industrial Art, including, of course, extensive training in free-hand 
drawing, to take the place of the subjects mentioned, would be of 
great practical value to all. Industrial drawing and designing as ap- 
plied to modeling, wood-carving, designs for wall paper, carpets, 
house decoration, and fabrics of all kinds opens to young women a 
wide and attractive field of useful employment, and gives the train- 
ing of the hand and eye now so generally recognized as a stimulus 
and aid to purely intellectual training. The striking results attained 
by young women taking similar work in other institutions, would be 
a sufficient reason for a careful consideration of the feasibility of in- 
troducing such a course here, without the more urgent reason that 
there exists, at present, nothing to compensate for the lack of it. 
Without going into details, it is perhaps sufficient to say here that, if 
an instructor could be provided, there would be no difficulty in the 
way of establishing the course at once. 

Should a separate building be provided, a course in " Domestic 
Economy " should also be established for young women. This does 
not mean simply a "' Cooking School," but instruction in the chemistry 
of foods, scientific principles of hygiene and dietetics, the preparation 
of foods " for the nourishment instead of the destruction of the body " 
with practice in the kitchen, as a laboratory. Such instruction could 
be provided at little additional expense, if the necessary quarters 
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were available. The healthy tone in regard to household matters 
resulting from this kind of training has been found to be of as great 
importance to young ladies, as the knowledge acquired, and it goes 
far toward overcoming any tendency in the higher education to unfit 
them for the plain duties which crowd the daily life of most women, 
and are apt to be underestimated in comparison with tiie more orna- 
mental. 

The above are the most urgent needs of this department, and 
should be met at no distant day. If provision cannot be made for 
all of them, at the present time, it is earnestly recommended that at 
least an instructor in industrial drawing and designing be employed 
to enter upon duty at the opening of another year. 

Respectfully submitted. 

Harrist a. McElwain. 

State Oolleoe, Pa., Janary^ 19^ 1889. 
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9. LIBEARr. 

December SI, 1888. 
George W. Athekton, LL. D , President : 

Sir : I have the honor to submit the following report of the College 
Library for the year 1887. 

During the year the library ha« received, in addition to the regular 
subscription list, 215 bound volumes, by purchase and donation ; 477 
sheep bound volumes of public documents, as the first instalment of 
public documents received on account of this institution having been 
designated as a depository of public documents; and about seventy- 
five pamphlets of various kinds. 

The library, by means of the one hundred dollars appropriate^ for as- 
sistants, has been open about six hours per day, except for a few 
weeks at the beginning of the fall term, when changes in progress in 
the college building made it impossible for the library to be freely ac- 
cessible for a time. By the aid of this appropriation, the library has 
been much more useful to all connected with the college and I am 
encouraged to ask that a further step, in this direction, be made by 
increasing this appropriation for library service. For one hundred and 
sixty dollars, I think, the library can be kept open during all the 
working hours of the day, and for two hundred dollars, during the day 
and evening. 

There is an increased demand for technical periodicals which the 
regular appropriation has not been able to supply. I therefore ask 
for an increase of appropriation lor such purposes for 1889. 

At least five new book cases are needed at once, and, as soon as the 
State appropriation becomes available, the need for several more 
will be imperative. No books or periodicals can now be kept under 
lock and key as is sometimes desirable. 

The space to be occupied by the library will soon be insuflScient 
for its growth and convenience, so that in changes in arrangement of 
space, additional room should be secured for library purposes. If 
possible, the reading room should be entirely separated from the 
library proper, and there should be a storage room for duplicates and 
library materials not in use. 

Governor Beaver has suggested the establishment of a section in 

the library for a collection of works on the history of our State. I 

think that we can make a good beginning in that direction and have 

no doubt that we may receive a good deal of help from friends of the 

4 State College. 
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college. To make it a success there onght to be some funds at the 
disposal of the librarian for the purchase of works, which cannot 
otherwise be obtained. Hon. John B. linn has already presented us 
with several valuable books and pamphlets on local history. 
Respectfully submitted. 

Ohaklbs F. Reeves, Librarian. 
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10. MATHEMATICS. 



Geo. W. Atheeton, LL. D., President : 

Sir : The Freshman class has been steadily increasing in numbers 
for several years past, until it is now too large to be instructed satis- 
factorily in one section. It is true that in some institutions larger 
classes are occassionally under the charge of a Professor, but in such 
cases the students are more uniformly prei>ared when they enter, and ' 
need little individual or special attention. Comparatively few of the 
preparatory training schools are feeders to this institution (although 
there is a gradual improvement in this respect), consequently many of 
our Freshmen have been very irregularly prepared for college work. 
Among such, however, is a proportion of young men who have not 
had school opportunities in early life, and being desirous of having a 
college education, cannot afford the time and expense to prepare them- 
selves to meet the full requirements of college admission. These young 
men, generally, have the zeal and industry to make good their de- 
ficiencies during their college course, if they can be given some special 
assistance. To do this usually requires the formation of extra classes, 
and in the past some of the professors of technical departments have 
volunteered to meet this additional labor, but at the present time the- 
growing interest in, and popularity of these departments require their 
entire attention. This extra labor must, therefore, fall on the Professor 
of mathematics, and added to his regular work is somewhat burden- 
some. Bat such work must be done for some years to come, if you 
would maintain the increasing prosperity of the institution and pre- 
vent the classes from dwindling very much in membership, before the 
Junior and Senior years are reached. Many of the students who come 
into the College from our Preparatory Department need much special 
assistance, and this must continue to be so, while we attempt to press 
into two years, the preparation that takes four years in some of the 
best training schools of the country, with the same grade and class of 
pupils. An urgent reason for dividing the Freshman and Sophomore 
classes into two sections is, that the students who are preparing for 
any of the engineering courses require more mathematics than those 
of the other courses, hence all should not be taught together. But 
such a division would double the number of classes in the Freshman and 
Sophomore years and, consequently, add to the labor of the Professor to 
this extent, which has recently been increased by the addition to the 
list of pure mathematics of determinants, differential equations and 
quaternions. But this work might be carried, for a time at least, with- 
out an assistant, if you could see your way clear to employ a trained 
elocutionist to take charge of the rhetorical and essay work of the 
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college. At present this is poorly provided for, and the insuflBciency 
becomes more and more apparent as the number of students increases. 
This is clearly shown by the fact that at present but half an hour per 
term can be devoted to each student in rhetorical training. This in- 
stitution has no more imperative need than better opportunities for 
such instruction. In the effort to make the technical departments 
strong and capable of competing with those of other institutions, there 
is danger of overlooking the general culture (including rhetorical 
and essay work) which is essential in all the callings of life. I would 
suggest a slight change in the order of mathematical subjects, i. e. 
that higher algebra, which is now placed in the first term of the Fresh 
man year, should succeed plane and solid geometry and trigonome 
try. The higher algebra involves a number of abstract conceptions, 
such as functions, limits, series, the general theory of equations, etc 
which the beginner finds very difficult to grasp. One or two terms of 
college training in easier subjects would prepare him to grapple with 
those which are more difficult. 
Respectfully submitted. 

J. Jaoeson, 

Professor of Mathematics. 
State College, Pa., January 17 ^ 1889. 
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11. MECHANICAL ENQINEERING AND ME- 
CHANIC ARTS. 



Meohastigal Engineering Department. 

L Work of the Department. 
George W. Athbrton, LL. D., President : 

Sir ; I have the honor to submit the following report of the Depart- 
ments of Mechanical Engineering and Mechanic Arts. 

During the year 1888, the instruction given in the Mechanical 
Engineering Oourse is as indicated in the catalogue, with the excep- 
tion of the mechanical drawing, of which I will speak later, and some 
additional work done in the department of pure mathematics. 

The technical instruction of this course, with the exception of the 
practicum, opens in the spring session of the Sophomore year, when 
the subject of mechanics of machinery is taken up. Not only students 
in mechanical engineering but those in civil engineering and electro- 
technics are required to take this study. The mechanical engineers 
continue the study through the first term of their Junior year, students 
in other courses being required to take it during but one term. A 
thesis on the subject of " Governors " was required in connection with 
this study. 

During the winter term of the Junior year the members of the 
Mechanical Engineering Course were engaged in the study of materials 
of engineerings and, at the same time, that of valve gearing. In the 
latter branch in addition to careful text-book work, attention was 
given to original designing, and a study of valves, as found in actual 
practice upon various steam engines, a practical acquaintance with 
this work being of vital importance to a steam engineer. 

The subject of materials of engineering has been pursued under un- 
favorable conditions, on account of the need for testing machines. It 
is my purpose in connection with this study to carry on experimental 
work with the various materials as they are treated of in the next text. 
By this method not only corroborating the results obtained by experi- 
ence and practice of others, but at the same time teaching the student 
how he may test for himself at any time the quality and capacity for 
endurance of any engineering material. When it is remembered how 
numerous are the materials of engineering, and under what different 
conditions they may exist (as to purity, etc.) the importance of actual 
tests may be readily appreciated and the impossibility of finding exact 
data in tables may, to some extent, be realized. Machines for making 
such tests are about to be purchased. 

During the following term the subject of thermo dynamics was 
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treated. Here, in addition to a thorough study of the laws of heat, 
the following subjects were discussed both experimentally, and in 
lectures: the conditions under which combustion takes place; the 
amount of air necessary to the complete combustion of different grades 
of coal ; determination of the quality of fuel ; the form of chimneys ; 
the advantages and disadvantages of superheated steam ; the use of 
condensers ; feed water heaters, etc., etc. 

A study of the graphical statics of machinery, followed by a course 
of lectures on Lubricants was an important part of the term's work. In 
the former branch the efficiency of machines is determined by graphical 
methods, as well as the amount of power dissipated in overcoming the 
friction in the machine itself. The efficiency of a number of the 
machines in our shop was calculated by this method, and the results 
compared with those taken by the steam engine indicator. 

In lecturing on the subject of Lubricants, attention was given to the 
kinds of Lubricants ; the composition of the various kinds ; the varying 
efficiency of each under different conditions of material ; and the 
question of the effects produced by pressure, velocity, temperature, 
etc. Having fully considered the materials of his machine, and the 
conditions of its running, the engineer is enabled to select the lubri- 
cant best suited to his purposes. 

The laboratory work in connection with this subject will consist in 
the determination of the coefficients of friction between materials used 
in machine construction, different oils being used, and observations 
taken under the varying conditions of pressure, velocity, temperature, 
etc. The importance of including this subject in the education of a 
Mechanical Engineer has but recently been recognized. Theoretical 
and practical observations have led to surprising results. 

It has been estimated that a change of oil used in some of our large 
manufacturing establishments would save fully $5,000 annually, by re- 
ducing the power necessary to perform the work to a minimum, as 
well as by diminishing wear and tear of bearings, the former, how- 
ever, being the item of greatest importance. A machine has been 
ordered for the purpose of testing the efficiency of oils under all the 
circumstances mentioned. 

At the same time the study of the Indicator was taken up. Here 
also actual experiments were made in connection with the text Tests 
were made upon our electric light engine with reference to the quan- 
tity of coal consumed per horse power developed by the engine, and 
as to how this quantity is affected by a varying load upon the engine. 
The load was varied by attaching and detaching different machines, 
and also by the use of a Proney brake. 

Further experimental work was done with the automatic governor, 
noting the effect produced upon the efficiency of the engine (as to 
regulation, etc.), by changing the cut-off. 

By means of the Talor Indicator the power necessary to run different 
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machines in the shop was calcolated, both when working and when 
not working. In this way the number of horse power required to 
perform various given kinds of work was determined; also how the 
power is affected by the speed of the driven machine, and how it is 
affected by depth of cut in such machines as planes and lathes. It is 
our purpose to go still further into this work, and show how gearing, 
and arrangement of belting and shafting will affect the power. Hav- 
ing first made the requisite calculations theoretically, we will, by ac- 
tual experiment, reduce the power required to do a given work to a 
minimum, and thus arrive at the most economical arrangement. 

Work is also being done with ii^ectors and pumps in order to 
ascertain the most economical way of feeding the boiler, this reducing 
itself essentially to the determination of the quantity of coal con- 
sumed per horse power of work accomplished by the engine. 

Schaeffer and Buddenburg, of New York city, have presented us 
with an exhaust steam injector. This is being put up at the present 
time. When ready for use it is proposed to have the Mechanical En- 
gineers of the Senior class apply tests in order to ascertain the econ- 
omy, if any, in its use. 

Mr. Oooper, superintendent of the electric light plant in Bellefonte, 
has kindly given me permission to take my classes to his station with 
the object of testing the efficiency of the engines in use there. This 
I shall do. 

It is eminently desirable that the Senior class should take a much more 
extended trip for the purpose of observing the arrangement and 
equipment of large shops, peculiar combinations of mechanisms and 
methods of work. A trip to Pittsburgh for this purpose would be of 
the greatest possible value to the advanced students in Mechanical 
Engineering, but if so extended a trip were impracticable, arrange- 
ments should be made by which the shops in Altoona could be visited. 
No doubt Mr. Stratton, Superintendent of the Pennsylvania railroad 
shops, who has rendered me kindly services in the past, would accord 
his i)ermission to an inspection of his shops. The need of an appro- 
priation to aid in paying the expenses incurred such trips is quite 
obvious, not only from the fact that many of the students would find 
it impossible to meet the necessary expenditure, but that there may 
be those who would fail to see the full advantage to be gained from 
such an experience. That the advantage to be derived would be great 
need not be urged to you. Following a course in theoretical work, 
in conjunction with that which is practical, done in our home 
shops and laboratories, a close, intelligent observation of extensive 
shops arranged, equipped and conducted in the best possible manner, 
cannot but be of lasting value. 
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Meohanloal Drawing. 

During the winter and spring sessions of 1888, forty-eight students 
received instruction in mechanical drawing, but owing to the changes 
being made in that wing of the building in which the drawing rooms 
are situated, it has been impossible to give instruction in drawing dur- 
ing the term just past. Consequently the time allotted to drawing 
was given to shop work with the understanding that drawing should 
be substituted for shop work during the two sessions loUowing. 

As the elementary mechanical drawing includes the whole number 
of students in the freshman class it requires from the instructor much 
time and care, during part of the year filling every afternoon in the 
week. At present this drawing is under my direct care. This is 
unfortunate as my time and attention should be given to the advanced 
Mechanical Engineering students, whose work being largely of an ex- 
perimental nature requires special preparation in the way of appli- 
ances, and direct supervision. This in addition to my oversight of 
the work in the Mechanic Arts department leaves me but little time 
for the elementary drawing, and it is impossible for me to give to it the 
attention and care necessary to bring about the best results. Although 
to many of the students who take it, this drawing is merely a general 
training without reference to preparation for a technical course, yet it 
is desirable that the work should be so laid out as to best prepare the 
technical students for subsequent work, since this may be done with- 
out detriment to those pursuing other courses. If a special instructor 
be procured, I would suggest that it might be well to have his work 
under the general supervision of one of the engineering departments. 

In this connection I would urgently recommend that the free-hand 
drawing of the Preparatory Department be put in charge of a com- 
petent instructor, whose object it would be to give the work sufficient 
lime and attention to bring about good results in preparation for the 
advanced work. Rapidity and neatness in free- hand drawing are 
essentials to success in mechanical drawing, or any engineering work. 
Our students hitherto have not had suffcient drill in free-hand draw- 
ing in their preparatory course 

The Electric Li^ht Plant 

The supervision of which is under my care, has, I believe, given 
entire satisfaction during the year. We have re-wired the central 
part of the main building, and are at present wiring the rear central 
wing. 

In a lest made by the Mechanical Engineering students, under my 
direction, it was determined that at no time are more than thirty- one 
horse power required to run our dynamo. Indicator cards were taken 
from both ends of the cylinder of the engine every half hour, from two 
in the afternoon until eleven at night. The power was calculated 
irom these cards and it was found to range from twenty to thirty-one 
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horse power, depending upon the number of lights turned on. The 
engine has a capacity of fifty horse power, and could be run to this 
power with but slight additional cost. Consequently if a sufficient 
number of lights were added to require the additional power, from 
which the ordinary financial return might be realized, it would be a 
matter of economy. 

Meohanic Arts Dei>artment. 

The number of students who have received instruction in the shop 
during the past year is 101. As there are but twelve benches in the 
carpenter shop, and the members of the Freshman class of this year 
taking this work number thirty, it was necessary either to divide the 
class into three sections, or to put part of the class at wood-turning 
before having had the carpentry. The former course was impracti- 
cable on account of interference with class-room work and other prac- 
ticums. It was, therefore, necessary to adopt the second course. 

This has been far from satisfactory, as that part of the class which 
had wood-turning first took up carpentry with less interest and en- 
thusiasm than those who began their shop work with the latter branch. 
Besides this it is almost impossible to make up a schedule of the work. 
That which has been said of the carpentry shop is true of the other 
rooms, the numbers here, however, not being so great, as students in 
technical courses only are required to take the work. 

I do not wish to be understood to say that we have not reached 
good results in our work during the past year. The work has been 
better than that of any previous year, but to reach the best results 
the shops should be increased to at least twice their present capacity. 

As the interest in industrial education, or manual training, grows, 

we are more and more frequently called upon to give information 

conceVning our work. We have sent out during the past few months, 

blue prints and models of our work to a large number of institutions, 

also copies of my report for ^886. I, therefore, annex hereto floor plans 

of our building, and plates with explanations of our course, among 

which are included plates not given in the report for 1886. I have also 

here indicated a few changes made in the course as experience has 

shown a need for them. The cut of a steam engine which I append is 

from a photograph taken from an engine made by students in the 

department, the drawings and entire work having been performed by 

them. 

BuildiniTS, Bto. 

Our building is a two-story frame, fifty by thirty-four feet, with a 
wing for machinery and lumber, recently added, thirty by eighteen 
feet. The main part is divided into four compartments, viz : Car- 
penter shop, wood-turning room, forge room and machine shop. One 
story of the wing is used for lumber, the other for the wood planer. 
The floor plans more fully show the form of the building and the 
arrangement of the machines. 
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Carpentry and Joinery. 

• 

In the carpenter shop we have at present three benches twelve feet 
long and four and a half feet wide. Each bench is provided with 
four sets of tools, four vises, and with each vise two drawers and two 
cupboards under the tables. Each set of tools is comx>osed of the 
following : One jack plane, one jointer, one smooth plane, one cross- 
cut saw, one rip saw, one back saw, one set of eight firmer chisels, 
one set of six framing chisels, one drawing knife, one bit brace, one 
set of eleven Pugh's bits, one mallet, one hatchet, one oil stone, one 
try square, one bevel, one mortise gauge, one scratch guage, one two- 
foot rule and one nail set. 

There are also a number of special tools which the students are 
given as they need them, such as matching planes, filletster planes, 
hollowing and rounding planes, a set of iron planes, beading planes, 
clamps, etc. 

Every student is taught how to prepare blue prints of the pieces he is 
to make, all the work being done from blue prints. At the same time 
an instructor is present to assist when necessary. The student is not 
permitted to leave any piece until he has made it to Che satisfaction 
of the instructor. 

The schedules of the courses in Mechanic Arts and Mechanical 
Engineering are here given, in order to show more fully the character 
of the theoretical instruction and the distribution of the practical 
work. 

In the course in Mechanic Arts special prominence is given to 
manual education, it being intended for those who wish to enter upon 
industrial pursuits rather than to become scientific engineers. It is 
designed to afibrd such students as have had the ordinary common- 
school education an opportunity to continue the elementary scientific 
and literary studies, together with mechanical and free-hand drawing, 
while receiving theoretical and practical instruction in the various 
mechanical arts. 

The number of hours given to shop-work is not large, but it must 
be remembered that the students are under the eye of a competent 
mechanic whose sole object is to give instruction, and the work which 
has been produced from these shops shows what may be accomplished 
in so short a time under this system. 

MBOHANIO ARTS. 
[Figures indicate hours per week.] 

First Year. * 

Fall Skssion. — United States History (3), Arithmetic (4), English 
Grammar (5). 
Practicum. — Carpentry (4), Qeometrical Free-hand 
Drawing (5). 
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WnrrBE Session. — Algebra (5), English Oomposition (5), United 
States History (3). 
Practicum. — Carpentry and Joining (6), Model and 
Object Drawing (5). 
Spbiko Sbssion. — Algebra (5), English Composition (5), Book-keep- 
ing (4). 
Practicum. — Wood turning (6), Designing (4). 

Second Tear. 

Fall SassiON. — Geometry (2), Algebra (4), Physics (4). 

Practicum. — Patternmaking (6), Geometrical Draw- 
ing (6). 
Whtebr Session. — Geometry (2), Algebra (4), Physics, (4). 

Practicum. — ^Foundry Work (6), Orthographic Pro- 
jection and Intersections (5). 
Sprino Session. — Geometry (4), Algebra (6), Mechanics (3), Civil 
Government (2). 
Practicum. — Forging (8), Developing of Surfaces, 
etc. (6). 

Third Tear. 
Fall Session. — Algebra (4), Geometry, (2), Mechanics (4). 

Practicum. — Forging (6), Linear Perspective and Shades 
and Shadows (9). 
WiNTBE Session. — Geometry (3), Trigonometry (3), Rhetoric (4). 
Practicum. — Vise Work (6), Detail Drawing (9). 
Spring Session. — Trigonometry and Surveying (5), Mechanism (5). 
Practicum. — ^Machine Tool Work, Machine Design- 
ing (9). 
It will be seen that in the Mechanical Engineering course the shop- 
work is very similar to that required of the students in the element- 
ary course. There is, however, this difference : In the last year of 
the advanced course, the shop- work is almost entirely machine con- 
struction of the student's own designing. Besides this, testing the 
strength of materials and experimental work with boilers, inspirators, 
governors, indicators, etc., is a prominent feature of their work. 

MBOHANIO AL BNGINBSRINa. 
Freshman Olass. 

Fall Session. — Algebra, NewcomVs College (4), Geometry, Went- 
woTtV% Plane and Solid (2), German, Principia 
(5), History, Freeman^a General Sketch (4). 
Practicum, — Drawing, Geometrical and Projection (4), 
Carpentry (4). 
Winter Session. — ^Trigonometry, Olneya^s Plane and Spherical (3), 
Geometry, Wentworth-s Plane and Solid (3), 
Rhetoric, Welshie (4), German, Principia and 
Wilhelm Tell (5). 
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Practicum. — Drawing, Intersections (2), Carpentry 
(6). 
Spring Session — Trigonometry, Olney'^a Plane and Spherical (5), 
Physiology, Martina Human Body^ Briefer 
Course (3) ; German, Wilhelm Tell and Minna 
Von Bamhelm (5) ; Tactics (2). 
Practicilm — Drawing, Intersections and Develop- 
ments (4); Wood-turning (4). 

Sophomore Glass. 

Fall Sbssion. — Analytic Geometry, Boweer^e (5) ; Chemistry, Har- 
ris^ Lecture Notes on the Non Metals (4) ; Ger- 
man, Historical Selections (2) ; French, Principia 
(3) ; Surveying, Bellows and^ Hodgman (1). 
Practicum. — Surveying (4) ; Chemistry (4). 
Winter Session. — Analytic Geometry, Bowser's (3); Chemistry, 
Harris^ Qual. Analysis (3) ; German, Hodges^ 
Scientific (2) ; French, Priticipia (3) ; History, 
treeman^s General Sketch (4). 
Practicum. — Chemistry, (8) ; Pattemmaking (4). 
Spring Session. — French, Raciiies Athalie and Saintshury's French 
Literature (3) ; Differential Calculus, BowserH 
(4); Descriptive Geometry, Warren^ s (4) ; Mechan- 
ic»of Machinery, Kennedy^ s (5). 
Practicum, — Mechanism (6) ; Drawing, Descriptive 
Geometry (4). 

Junior Glass. 

Fall Session. — Physics, Mechanics and Heat, Anthony and Brack- 
et's (4) ; Descriptive Geometry, Maps, Shades, 
Shadows, etc., WarrerCs^ (4) ; Integral Calculus, 
Bowser'* s (3) ; Mechanics of Machinery, Kennedy^ s 

(4). 
Practicum, — Dynamics (4) ; Mechanical Drawing 

(4). 
Winter Session. — Analytical and Graphical Statics, Churches (4) ; 
Physics, Electricity, Anthony and Bracket's 
(4); Materials of Construction, Thurstonh (3); 
Determinants, PecKs (2) ; Valve Gearing, 
Zeuner^s (2). 
Practicum. — Physics (4) ; Forging (6). 
Spring Session. — Kinetics and Kinematics, ChurcKs (4) ; Quarter- 
nions, Hardy'^s (4) ; Materials of Construction, 
Thurston's (3) ; Physics (4). 
Practicum, — Chipping and Filing (6) ; Mineralogy 
(4). 
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Senior Class. 

Fall Session. — Thermo- dynamics, Lectures (3) ; Statics of Machin- 
ery and Lubricants (4) ; Geology, Dana^s^ (4) ; 
Political Economy, Walked % (4). 
Practicum, — ^Mechanical Drawing (6) ; Engine Lathe 
Work (6). 
Winter Skssion. — Machine design, TJuwitCb (3) ; Steam and Steam 
Engines, Weuhacha and Bankine^a f 4) ; Experi- 
mental Work with Indicators, Injectors and 
Governors (2) ; Constitutional Law, Cooley^s 
(4) ; Astronomy, Newcomh and Holden^a (3). 
Ftacticum, — Mechanical Drawing (4) ; Machine 
Construction and Testing Strength of Mater- 
ials (6). 
Spring Session. — Machine Design, TJnwirCa (5) ; Electrical Machinery 
(3) ; Hydraulic Motors, Lecturer (3) ; Interna- 
tional Law, WooUeyU (4). 
Practicum, — Machine Construction (4); Thesis Work 
(6). 



(2) Financial Statement. 

I herewith annex a supplementary report containing a financial 
statement of the Mechanic Arts Department. 

Appropriation, $500 00 

Products from labor and material, 1,162 26 

Fees from students, 136 60 

Appropriation, 164 03 

To balance, $143 10 

Inventory (lumber, etc., in stock), 536 35 

Jas. Harris & Co. (hardware for job work), $32 21 
Jas. Harris & Co. (hardware for job work), 2 84 
Jas. Harris & Co. (hardware for job work), 1 73 

36 78 

J. K.McFarlane (iron and other hardware), $18 89 
J.K.McFarlane (ironand other hardware), 18 21 
J. K. McFarlane (iron and other hardware) , 7 85 

44 95 

Getz & Tressler (repairing spouting), 3 00 

Logan Machine Works, ( steam fittings / $39 67 
Logan Machine Works, (for drying coil,) 4 40 

44 07 

T. S. Bailey, $0 36 

T.S.Bailey, 50 

85 
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Jas. Hunter & Co. (pulleys), $29 70 

Bill heads, 2 25 

College (steam fittings), $7 48 

College (steam fittings), 1 65 

College (steam fittings), 20 

College (steam fittings), 20 

College (steam fittings), 25 

College (coal oil), 36 

College (coal oil), 42 

College (hauling machinery), 1 00 

11 56 

Goodenow & Whiteman, castings for \ $11 35 
Goodenow & Whiteman, work by > ^ ^„ 

students, ) "^ ^^ 

15 22 

Keuffel & Esser (blue print paper), ... $4 05 
Keufiel & Esser (blue print paper), ... 4 80 
KeuflFel & Esser (blue print paper), ... 3 56 

12 41 

W. L. Foster (soap, nails, screws, etc.), .... 36 66 

Back charge (S. S. Pague), 3 60 

M. D. Snyder, $2 58 

M. D. Snyder, 42 

8 00 

W. P. Duncan (small castings for students' work), 16 80 
Hauling lumber (college), $29 00 

Ash lumber (W. J. Thompson), .... 16 99 

Yellow pine, 390 37 

Lumber, 9 40 

Lumber (P. B. Crider & Sons), 23 54 

469 30 

Freight paid during year, 12 53 

Salary and wages for year, 1,349 97 

Stock on hand, $512 00 

2,771 10 2,474 79 

7 balance, $296 31 

account shows, the income of this department during the year 
)een, by appropriation, $664.03 ; by fees from students, $136.50 ; 
cts, $1,162.26. From the last item $450.00 must be subtracted, 
am was paid for lumber in the rough which was turned out 
in the shape of flooring, wainscoting, etc. We have, then, a 
)me of $1,512.79 for the year 1888. During the year 1887, the 
ras,by appropriation, $1,400.00 ; by fees from students, noth- 
roducts, $405.23, making a total of $1,800.23. Although there 
a considerable increase in the income from products this year, 
I seen that this advance, even with the fees received from 
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stadents in addition to it is not sufficient by $292.44 to make up for 
the large falling off in appropriation. This deficiency has been the 
more seriously felt for the reason that the greatest item of expendi- 
ture in my department, that of wages to be paid, has been larger this 
year than ever before, for the following reasons : 

1st. Two months of the engineer's salary was charged to my depart- 
ment, whereas in the past this has not been done. 

2d. On account of the greater demand for water, it was frequently 
found necessary to run the pump both night and day, thus necessitat- 
ing the employment of an extra hand. 

3d. It was occasionally necessary to employ extra hands in order to 
do the job work taken in. By job work I mean work done for outside 
departments, or individuals, therefore being a source of income. 

There has been an increase in the amount of job work done, as is 
indicated by the income derived from it, yet, under the present con- 
ditions, the shop cannot be to any degree self-supporting. This may 
be seen clearly from the following statements : 

Ist. A large part of the income derived from job work during this 
year was from lumber taken in the rough, and turned out in the shape 
of flooring, wainscoting, etc. That we were able to obtain this lumber 
at so low a figure and afterwards find purchasers for it, were largely 
matters of chance, and a recurrence of such a condition of things 
cannot be depended upon. 

2d. The salary of one man, employed at $384.00 per year, brings 
absolutely no return in the form of income, as his full time is required 
to do the pumping and janitor work of the shop. The salary of the 
engineer, of which $154.00 was this year paid by my department, 
brings little financial return, as his time is almost exclusively devoted 
to the students and the electric light plant, exceptionally so during 
the past year, on account of new wiring, and repairs done, in the college 
building. The service of the carpenter at $540.00 per year, is a source 
of income, greater or less, according to the number of students under 
his charge. During the past year this number has been so much in 
excess of the accommodations provided in the wood- working rooms, 
that the carpenter has been obliged to give from 8.00 until 12.00 o'clock 
in the morning, and from 1.00 until 4.00 in the afternoon, in order to 
accomplish the work scheduled for the different courses. If the shops 
were enlarged to double their present capacity it would not be neces- 
sary to put classes in the shops during the entire day, and both the 
engineer and carpenter could then devote more time to job work. 

However, these being the conditions, unless a sufficient appropria- 
tion be made, the account will of necessity be overdrawn, as is the 
case this year. A much larger sum must have been overdrawn had 
it not been for the unusual advantage we had in getting the lumber 
already mentioned at a very low price, and being enabled to dispose 
of it in the finished condition profitably. 
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At the beginning of the year when $600.00 was appropriated to my 
department, I was given to understand that this was not considered 
sufficient, and that a further and adequate appropriation would be 
made. Under these circumstances the shop was conducted during 
the first half year on a basis as economical as advisable to secure the 
best conditions. There then being no furtljier appropriation, the ex- 
penses were reduced to an absolute minimum amounting practically 
to nothing but wages paid. The $164.03 finally added to the first 
appropriation was insufficient to meet the demands. 

In consideration of all these facts I would respectfully recommend 
that, in the appropriation for next year, the following items of expen- 
diture be provided for : 

For coal $150 00 

One-half the salary of pumpman and janitor, 192 00 

Carpenter's salary 640 00 

Three months of engineer's salary 231 00 

Making a total of $1,113 00 

to meet next year's needs. To this, $296.31 should be added to make 
up the amount overdrawn in 1888. 

During the past year no charge was made to my department for 
coal. I have estimated that about sixty tons of coal might be prop- 
erly charged to the department which, at the present rates, can be 
purchased for $160.00. 

I have included but one-half of the salary of pumpman and janitor 
because as fully one-half his time is given to pumping it might be 
advisable to charge that fraction of his pay to the water supply ac- 
count. 

With an appropriation of $1,400.00 to meet the needs above men- 
tioned, I believe it quite possible for the general running of the shops 
to be carried on upon the income from job work, and the small 
amount received from the students as fees. Unless the number of 
students in shopwork decreases, thus relieving the carpenter of part 
of his work of instruction, more than this can scarcely be done. 

If it were not for the need for economy I should strongly urge that 
there be no job work done in the shop during term time, as I am 
confident that the work of the students is more or less impaired by it. 
Furthermore, Ih© carpenter must make a careful count of the tools 
used by the smdents after every class, and take note of the condition 
in which they are left. As things now are, with the rush of job work 
and large and frequent classes, it is practically impossible for him to 
give sufficient attention to this matter. 

Respectfully submitted. 

Louis £. Reber, 
Professor of Mechanical Engineering. 

State College, Pa., January f^O^ 1889, 
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Plan OF Fi 

1. Shaping machine 

2. Iron-turning lath 

3. Power grindston< 

4. Bench vises, for 1 

5. Hot water sink. 

6. Tool room. 

7. Closet. 

8. Cold water sink. 

9. Stairway to secoi 

10. Posts to which m 

11. Forges. 

12. Stands for tools and work. 

13. Anvils. 

14. Large vises attached to post 

15. Iron room. 

16. Steel pressure blower. 

17. Closet 

18. Main shaft 

19. Coal tanks for forges. 
30. Water tanks. 



21. Chimney. 

22. Box shear. 

23. 16-inch P. & W. lathes, turret head. 

24. 5-inch Sellers' planer. 

25. Sellers' drill press. 

26. Lumber room. 
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1. Work benches in carpenter shop. 

2. Chimney. 

3. Hydrant and sink. 

4. Office. 

5. Cases with specimens of work. 

6. Wood-turning lathes. 

7. Shaft which moves lathes. 

8. Circular saw. 

9. Stairway to attic. 

10. Stairway from first to second floor 

11. Grindstone. 
II. Wood planer. 

13. ScioU saw. 

14. Universal woodworker. 
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FIRST LESSON. 
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Planing. 

The student is given a rough one-inch pine board from which he is to saw 
a piece 12 inches long and 4 inches wide. The difierence between a ripping- 
and cross-cutting saw is here explained to him. He planes one side smooth, 
using the proper planes, and from this face the edges and other side are worked, 
making the edges at right singles and fece parallel to the working face. No 
effort is made in this exercise to work to dimensions. 



SECOND LESSON. 
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Planing Square Prism. 

In this exercise, the material is 14 inches long and 2 inches square section. 
Two adjacent sides are first smoothed, care being taken to keep them at right 
angles to each other. With a gai%'e, it is .then marked to ijl^' inches square and 
carefully worked to these lines. One end is then dressed with blo<^ plane and 
the piece sawed off and dressed to a length of exactly 12 inches. 
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THIRD LESSON. 




The finished piece of the last exerdse is now taken, and by method illus- 
trated in accompanying cut, is marked so as to be planed to a r^^ular octagon. 
The bevel is put at angle A B €==135^, so that the work can be tested as it 
proceeds. 



FOURTH LESSON. 
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Through Mortise and Tenon. 

In this, as in the two following, the piece b gotten out 12 inches long and 
squared as in No. 2. It is then sawed in two pieces $}i and 6)i inches in length. 
Mortise is laid off on 6)i inch piece and tenon on s}i inch piece, marking being 
done with knife except when mortise gauge is used. The tenon is cut with the 
back saw, and the mortise bored and chiseled out The ends are then cut to 
proper dimensions. 
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FIFTH LESSON. 



PousHBo Mortise and Tenon. 

This piece is merely another form of No. 4, invoWing the same operations 
with a few modifications, as can be seen in the drawing. 



SIXTH LESSON. 



Double Mortise and Tenon. 

The same as previous lessons, except there are two mortises and tenons 
instead of one. 
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SEVENTH LESSON. 
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Bracb Mortisb and Tbnon. 

The brace is put at an angle of 45^ and made of material ijixji inches. 
Tenon is flush with one side of brace and a shoulder cut on end. The whole 
brace is slightly dropped into mortise piece. 



EIGHTH LESSON. 



COMCBALBD MORTISE AND TbNON. 

This differs from the preceding only that the mortise does not pass 
through the piece. 
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NINTH LESSON. 
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DOUBLB MORTISB AND TeNON. 

Another form of double mortise and tenon, made from inch material ; 
diflfering slightly in detail and being somewhat more difficult to fit 



TENTH LESSON. 
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Open Dovb-tail Joint. 

The most elementary form of a dove-tail joint, affording exercise in laying- 
off and cutting the mortise and tenons at oblique angles. 



Digitized by VjOOQIC 



72 



R£1>0RT OF THE 



ELEVENTH LESSON. 




Keyed Scarf Joint. 

This, on account of its oblique faces and splayed ends, is somewhat diffi- 
cult to fit The key forces the pieces into position and securely holds them 
there. 



TWELFTH LESSON. 



Mitre Joint. 

The mitres are cut at an angle of 45^ without 
using a mitre box, and are then glued together. 
Great care is required to make the glued pieces 
form a right angle. 
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THIRTEENTH LESSON. 
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Lap Joint. 

In this, as in the preceding one, the difficulty is to make a neat fit at right 
angles. 
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FOURTEENTH LESSON. 
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Hopper Lap Joint. 

In the drawing but one angle of the hopper is shown, but the student 
makes the complete hopper. The method of laying off the work, which is 
somewhat complicated, is fully explained to him, and in no case is he permitted 
to proceed until it is laid out with precision. 
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FIFTEENTH LESSON. 
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Gained Joint. 

The inner surface of the gain must be flat and true, in order to produce 
the proper angle. The joint is glued^ 
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SIXTEENTH LESSON. 
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Lap Dove-tail Joint. 
A more difficult form to lay off, cut and dress. 
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SEVENTEENTH LESSON. 




Through Dove-tail Joint. 

The simplest fonn of a dove-tail joint at right angles, affording practice 
in laying off, cutting and dressing the corresponding parts to exact form and 
dimensions. 



EIGHTEENTH LESSON. 
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Mitre Box. 

The box is for subsequent use in sawing mitres and must be made with 
great precision, angles, and right angles, and bottom of uniform width. 
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NINETEENTH LESSON. 
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Moulding. 

In this the work is laid off from an oblique section as indicated in drawing, 
but of full size. The drawing of the oblique section is laid upon the material 
at the proper angle and pricked through, thus marking the Knes at which the 
suriaces change direction. The proper tools are now taken and the material 
worked to the desired form. The hollow and rounding planes are used here 
for the first time. 



TWENTIETH LESSON. 
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Anothbr Form of Moulding. 

Much as the former, except here a right section is taken from which to lay 
off the work, and the marking is done on the end of the piece. 
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TWENTY-FIRST LESSON. 



Glub Joints. 

This is made from alternate Cherry and Walnut strips so that the quality 
of the work can be seen at a glance. 



TWENTY-SECOND LESSON. 
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Dowel Joints. 

In this also two kinds of wood are used alternately. The drawing shows 
the nature of the work. 
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TWENTY-THIRD LESSON. 
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Gothic Panel. 

This exercise affords a variety of work. The inner edges of stiles are 
chamfered, the upper rail has moulding worked upon it, and the bottom of 
panel is veneered along the top of a piece of moulding placed above the lower 
rail. The panel and veneer are made of fancy woods, thus presenting a hand- 
some appearance when completed. 
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TWENTY-FOURTH LESSON. 




Wood Carving. 

The work is laid off with gauge, after the stick is dressed Square. 
Templates are made from curves in full size sectional drawings. The cutting 
is done with chisels and carving tools, the templates being frequently applied 
in order to keep the moulding of proper shape and uniform size. 
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TWENTY-FIFTH LESSON. 




Ornamental Vxnbb&ino. 

The different pieces of veneer are made of different kinds of wood, thus 
producing a beautiful effect It requires considerable care to bring the lines 
of divisions as indicated in the drawing. 



TWENTY-SIXTH LESSON. 
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Ornamental Inlaying. 

Seven narrow strips of different kinds of veneer are glued together, so as 
to form a piece }( inch wide. That is then inlaid in a solid piece of hard 
wood, as shown in the drawing, a number of them being placed at regular 
distances apart 
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Marqubtry. 

The narrow strips and diamond shaped pieces are inlaid and made of 
different wood from the block into which they are put 



Machine Work in Wood. 

The appliances for this work are as follows : Six wood-turning lathes, 
strained scroll saw, planer and drcolar sawing machine, ^^^th each lathe is a 
set of six taming chisels, a set of six gouges, a parting tool, a pair of calipers, 
a pair of compasses, a try-square, a two-foot rule and an oil can. 

In this course not only the use of tools is necessary, but the eye must be 
carefully trained, as many of the varied forms which arise in wood turning are 
tedious and difficult to measure. A skilled workman should, therefore, be able 
to produce work without measuring the smaller details that shall conform 
substantially to the drawing. 
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A Cylinder. 

A piece nine inches long and two inches square is taken. The comers 
are turned off and it is worked down to nearly the desired size with the gouge. 
The chisel is then used to work it to the given dimensions, which is determined 
by frequent application of the calipers. 



SECOND LESSON. 




Common Cuts in Turning. 

The drawing represents half the length, the remainmg half being a repeti- 
tion of what is shown. In this the cutting lines are marked and the depth is 
gauged by the use of calipers, but the forms of the curves in middle of the 
piece are determined entirely by the eye. 
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Ornamental Turning. 

In this we have a variety of curves, besides a loose ring to be turned upon 
the small cylinder, as shown in the transverse section in the drawing. The parts 
are all worked to given dimensions. 

These pieces represent the elementary part of the work, and the student is 
kept upon these until he can produce them accurately and with rapidity. 
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Facb Plate IVRmifo. 

A piece six inches square is festened upon the &ce plate from which the 
rosette, as indicated in the drawing, is to be turned. 
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Nbwbl Post Cap. 

The main part of the cap is made of Wahim. The central rosette, which is 
turned to fit into it, is of Cherry. 



SIXTH LESSON. 
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A Cylindrical Ring. 

This piece is turned, both inside and outside, and consequently requires 
two chucklngs. It is made of either Cherry or Walnut. 
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Ornamental Vase. 

As can be seen in section, the vase is made with a lid which fits neatly upon 
it. The vase is turned both inside and outside as in case of the ring, but here 
the chucking is more difficult, and fitting the lid requires very careful work. 
There is a loose ring turned on the stem. 



EIGHTH LESSON. 
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Hand Wheel. 
The rim and hub are turned. The spokes are cut out with saw and chisel. 
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Grooved Wheel. 

It is made in two pieces, each of which is turned separately on an arbor. 
The inner part of one is turned the reverse of the other. When worked to 
nearly the given dimensions, they are both put upon the same arbor, driven 
tightly together, and finished in this position. 



Pattern- Making. 



The student is now ready for pattern making, in which he will apply the 
knowledge and skill acquired in both carpentry and wood turning. 

As the applications for patterns extend into nearly every industry, a great 
variety of forms is required, and from these many courses of equal value might 
be arranged. In this course, with a few exceptions, we have, therefore, no fixed 
exercises for each class. After a few preliminary ones, the students are 
required to make patterns from drawings, previously made of some machine 
or part of a machine, which they are to construct later in their course. 

The fact that the patterns are to be actually used is an incentive to good 
work. During the construction the student is shown how the grain should lie 
in the different pieces forming the pattern ; where and what allowance is to be 
made for warping, shrinking, &c., and in what manner the different forms 
should be constructed to draw properly from the sand. The following plates 
are only preparatory to this course: 
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T Pipe. 

The pattern is made in halves. 

The body and flanges are first completed, the branch is then made and 
fitted to the body. Care must be taken that the branch is of such length that 
the fitting will bring to the size desired. 



Digitized by VjOOQIC 



Pennsylvania State College. W 



SECOND LESSON. 



Return Bend. 

A ring semicircular in section is first turned of such a radius as desired for 
the bend. As much of this is then taken as required for the pattern. The 
half flanges are fastened by screws passing through the center of the pattern 
into the flange. 
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Pillow Block. 

A piece is first prepared for the base of the desired size, allowing for the 
contraction of the casting in cooling. The pattern is built up from this as 
indicated in cut. The student is also required to make the core box. 
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Globe Valve. 

In this the two pieces of wood are taken of sufficient size, so that when 
pegged together the ball or body of the pattern can be taken out of them. 
The branch is then made and fitted to the ball. 
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Forging. 



For this work there are eight Sturtevant forges, each supplied with blast by 
a power blower, each provided with an anvil, tongs, punches, heading tools, hot 
and cold chisels, hammer and a two-foot square. There are also in this room 
four complete sets- of swedging tools, set hammers, flatters, fullers, sledges, 
two large box vises, and a self-feed post drill. A drawing laid out to the 
working dimensions is placed in the foige room for reference during the exer- 
cise. The piece is then forged in detail by the instructor before the class, 
callii^ attention to the important points as he proceeds with the work. The 
student himself is then required to forge the piece, the instructor giving assist- 
ance only in case of necessity. 



THE FIRST LESSON 

Comprises the building and keeping of forge fires hi proper condition upon 
which, in forging, so much depends. The student is also shown what d^^ree 
of heat is necessary, and how to determine when that degree is obtained for 
the successful working of the various forms. 
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Drawing, Forming and Bbndino. 
The siiccesthre steps of the exercise are liilly explained by the drawing. 



THIRD LESSON. 
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Prawino and Forming. 

As seen in the cross sections of tiie finished piece, a portion is round, 
another is square, another octagonal and the one end tapered to a round point 
The student is here shown that a welding heat is necessary in drawing common 
iron, otherwise its parts are likely to separate lengthwise. 
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Bending. 

One bar each of round and flat iron are bent in circular form and welded. 
In forming the staples, drawing as well as bending is involved. Whenever 
possible useful forms are invariably selected, but the introduction of principles 
is considered of the first importance, and frequently much time can be saved 
by taking plain forms. 
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Fagot Welding. 

The one piece is two feet long for the purpose of holding it while welding 
upon it two four-inch pieces. In welding and rounding the ends, it is drawn 
out one inch. It is then cut off, and the ends dressed, making the finished 
piece five inches long. 
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Upsetting aiA> Bolt-making. 

The material is six inches long. By upsetting it is diminished in length, 
while the part upset is increased in cross section, and squared in preparation 
for the head of the bolt of the finished piece. 



SEVENTH LESSON. 
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Upsetting while bending. 

As bending slightly diminishes the cross 
section, it is necessary to upset a little, while 
bending, so that the piece will be of the same 
form and thickness throughout when finished. 
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Upsetting Bbporb Bending. 

This piece is made heavy at the middle, and bent at that point. It makes 
a much stronger angle than the preceding one. 



NINTH LESSON. 
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Bending and Twisting. 

The bar is bent without upsetting. It is a post floor hanger, and is twisted 
to bring it to the proper shape to receive the timber. 
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DRAWiNn, Rrndinc and Twisting. 

The ends are drawn out for hook and eye and made round. The twist in 
central part is ornamental. The S hook is to accustom the student to forming 
graceful curves with iron. 
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Upsetting, Wklding, Forming and Punching. 
A tool for making the heads of bolts, &c., called a heading-tool. 
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Bracket. 
This involves upsetting, drawing, bending, chamfering and punching. 
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Ring. 

The ring is made from three pieces welded together. The main part being 
made of lighter material than the ends and angles. 



FOURTEENTH LESSON. 



Butt or Jump Weld. 

The ends are upset and made square after which they are welded by butting 
them together. Instruction is given as to how the weld should be dressed to 
preserve its strength. 
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Bolts and Rivets. 

These are formed with the heading-tool made in lesson eleven. The prin- 
cipal feature in this exercise is to keep the stem in the centre of the head. 
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SIXTEENTH LESSON. 
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Bolt-making. 

The stock is upset as in a previous lesson, but in this the head is made 
hexagonal instead of square. Great care is necessary to make the head regular, 
and as in the lesson above, to keep the body of piece in centre of head. 
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Nuts. 


The drawing explains the method of making hexagonal and square nuts. 
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Eye Stay or Brace. 

The two ends are bent so as to be at right angles to each other while 
making different angles with the bar. The eye is formed from the. body of the 
piece, while the tang is formed separately and welded on. 



NINETEENTH LESSON. 
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Welding Links. 

In this the scarf is somewhat different from that in the ordinary weld. The 
links are twisted in the finished chain. 
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Hasp. 
This brings in splitting, in connection with what has been given before. 



TWENTY-FIRST LESSON. 
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Same as in a preceding lesson, except one piece is bent on its edge. The 
two are put together to show difference in the scarfing. 
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Rope Hook. 

The eye is formed by turning and welding it in such a manner as to give it 
the appearance of being punched. 



TWENTY-THIRD LESSON. 
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Chain Hook. 

In this the eye is punched and the greatest care is taken to give it the 
maximum strength with the material used. 



Digitized by VjOOQIC 



Pennsylvania State College. 



109 



TWENTY-FOURTH LESSON. 



"l" ^ 



Welded Corner. 



Two pieces welded at right angles, illustrating the kind of scarf necessary 
for this weld. 



TWENTY-FIFTH LESSON. 



T Weld. 

In this the pieces are welded in the form of a T. The scarf is somewhat 
different and the weld is more difficult to make. 
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BLACKSMITH Tongs. 

The jaws are made from % inch square iron and welded to lighter pieces 
for the handles. This exercise combines nearly all the principles that have 
been gone over in former lessons and closes the course in iron forging. 



Steel Forging. 



The student has now acquired considerable skill in producing forms, as 
well as regulating heat in the working of iron. In working steel slight varia- 
tions are necessary, but he soon becomes familiar with these and is ready to 
take up hardening, tempering and annealing, which are of supreme importance 
in the making of tools, &c. 



TWENTY-SEVENTH LESSON. 
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Welding. 
Steel to iron and steel to steel by lap weld. 
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Iron and Stbbl Welding. 
Steel welded to iron by split scarfing:. 



TWENTY-NINTH LESSON. 




Wrench. 

This is formed here to be finished in the filing course which follows. The 
student here finds the difference between working iron and steel. 



THIRTIETH LESSON. 
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Blacksmith's Punch. 
After forging it is hardened and tempered. 
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Flat Cold Chisel. 
The forging is a sample form, but it gives practice in tempering. 

THIRTY-SECOND LESSON. 
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Capb Chisel. 



Forming and tempering. 



THIRTY-THIRD LESSON. 



Drill. 

Here the form is somewhat more difficult to produce, and is tempered to 
a dark straw color instead of a brown, as in the two preceding lessons. 
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Lathe Tool. 
Forged as indicated and properly tempered. 



THIRTY-FIFTH LESSON. 
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Side Tool. 

These tools are comparatively easy to form after the course in iron forging, 
but close attention is necessary to properly temper them. 
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Plane Iron. 

In the preceding lessons on tempering the pieces have been hardened on 
or near the cutting edge while in this the whole piece is tempered. 



Vise Work. 



For this work the shop is provided with eight swivel vises, and a supply of 
small tools, as follows : Cold chisels of different forms, chipping hammers, an 
assortment of files, file cards, try-squares, calipers, scratch gauges, hand vises* 
&c., &c. This course is intended to give practice in the use of different hand 
tools for metal, and also to teach the student how to keep them in order. 
Each lesson is varied in such a manner as to instu-e the introduction of the 
different shaped files. The castings are planed, not true, to remove the rough 
scales which are so injurious to files. 
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FIRST AND SECOND LESSONS. 



Filing to Link. 

I. A plain block of cast iron is taken, and one face is filed true. The 
student is taught how to hold the file and move the arms to produce a true 
surface. ' 

II. An edge and end are filed square with true surface, using a try-square 
to test the accuracy of the work. 



THIRD LESSON. 
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Filing Half Hexagon. 

The same casting is used as in lessons one and two. The student lays out 
a half hexagon on the end of the piece, lines it, and then files it to the lines as 
indicated in the figure. 
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Rack-Teeth. 
This piece shows the different files used to form sharp angles of this kind. 



FIFTH LESSON. 
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Dove-tailing. 

The piece being of wrought iron shows the difference of working the two 
metals. It introduces drilling, sawing and filing. 
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Screw Blank. 

This is reduced in size its entire length ; then a portion is reduced more 
than the other forming a shoulder, the reduced portion being kept round in 
section and in the centre of the stock. 



SEVENTH LESSON. 




Wrench. 

The wrench made in the forging course. It introduces inside and outside 
curves, and a square hole to be filed from a round one. 
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Ring Work. 

The material for this exercise is on the right in the drawing and two pro- 
jections of the finished piece are on the left. The object is to make the ring 
circular in section from the casting which is square in section, and to make all 
the surfaces of the tang straight and at right angles to each other. 



NINTH LESSON. 



Chipping Bevel. 

The casting is lined by the student the proper distance from the edge 
wliich is to be beveled. It is cut down to the line, using a hammer and flat 
cold chisel. 
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A flat piece of cast iron 
drilled out as near to the mar 
line. 
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Oval Filing. 

upon which an oval shape is marked out. It is 
ks as possible, and then chipped and filed to the 




ELEVENTH LESSON. 
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Thread Cutting. 

iting the thread is marked off twelve times around the 
\% kept the Same throughout. The filing is done by using 
iiree-comered files. 
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Chipping (Wrought Iron.) 

A rectangular groove }( x % inch is chipped entirely across the face of the 
piece, and another groove J4 ^ H *nch three-eighths of the distance across. 



THIRTEENTH LESSON. 
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CHIPPING. 



Same block is used. An oval is cut upon one side introducing concave 
chipping, as is shown in the right-hand projection. 
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Convex Chipping. 

Here, on same block, is introduced convex chipping in the form of a half 
cylinder part way across the face of the piece. Also, more concave cutting. 



FIFTEENTH LESSON. 



Hand Vise Filing. 

A round piece of steel is reduced in diameter its entire length and filed at 
one end to a tapering joint 
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Parallel Fitting. 

The casting is lined by the student and fitted as shown in the plate. The 
practice which he has acquired is here called into use, as one misstroke of the 
file may necessitate his beginning a new piece. 
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Machine Work in Iron. 



In this course, after a few elementary pieces, the student is required to 
build some machine. If it is too large for one to complete during his course, 
more students are put upon it, and in this way a working piece of mechanism 
is produced, the result of their combined efforts. We hope, by this method, to 
add to our equipment special machines designed and built by our own students 
in mechanical engineering. Some little work has already been done by special 
students. Below will be found a few of the elementary lessons required by 
all students who enter upon this work. 



SECOND LESSON. 




Plain Turning. 

The piece is centred, put upon the lathe and ends fiaced up, making it 
exactly six inches in length. It is then turned down its entire length to two 
inches in diameter. A portion of it is then cut down to a smaller diameter, 
leaving a square shoulder one and one-half inches from the end. The ends 
are then chamfered. The exercise gives practice in selecting, grinding and 
setting the proper cutting tools. 
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Taper Turning. 

The finished piece of last exercise is taken for the stock of this. The object 
of this lesson is to show how, by moving the toil stock to the front or rear, any 
desired taper may be turned. 



FOURTH LESSON. 




Chucking and Boring. 

The solid blank is centred, and then bored out by placing the drill in the 
slot of tool posts and using toil stock to force drill through. 
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A Handle. 

This lesson gives practice in using the cross feed by hand to produce a 
given curve, while the longitudinal feed is operated by the lathe. 



SIXTH LESSON. 
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Connecting Rod. 

This involves about. all the principles of the preceding lessons besides 
some planer work. 
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Screw Cutting. 

The student is shown how to arrange the gearing for cutting threads of 
different pitch. He then cuts twelve threads to the inch upon the bolt given 
him. 



EIGHTH LESSON. 




Inside Screw Cutting. 
The thread is cut for the. bolt in the preceding lesson. 
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12. MILITARY. 



Statk Oollkgb, Pa., December 1^^ 1888. 
Qjfo. W. Athbkton, LL. D., President : 

Sir : I have the honor to submit the followiog report for the year 
1888. 

Military exercises have taken place during the past year as per 
schedule. 

Progress has been satisfactory, especially so, considering the corps 
has been without the use of a proper armory. It is hoped, however, 
the fine new one will soon be ready for use 

The College can certainly congratulate itself in having one of the 
finest college armories in the country. 

The Corps derived much benefit from its five days' encampment near 
Hunter's Station in May. 

Major H. J. Farns worth, inspector United States Army, made an 
inspection of the battalion in June. No suggestions were made by 
him. 

The commandant is pleased to note the gradual increase of the 
number of cadets in the battalion. It numbers now 132, double what 
it was when he came here on duty two and one half years ago. It 
becomes necessary to ask for fifty more standi of arms from the gov- 
ernment. 

I would like to see competitive rifle matches between colleges where 
the government details officers. 

The usual appropriation of $50 is asked for. 

The following appendices pertain to property received, expended 
and on hand. 

I am, sir, very respectfully, 

S. S. Paqub, 
1st LL 16th Infantry^ Prof. Mil. S. and Tactics. 



Appendix "A." 

Ordnance stores received from U. S. Government during year 1888. 

100 blank cartridges, 3' gun. 
1,000 rifle cartridges, blank, 45 calibre. 
1,000 rifle cartridge balls, 45 calibre. 

300 friction primers. 
9 Statb Collbgb. 
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Appendix "B." 
Property purchased, etc. Appropriation. 

March 3. Paper and envelopes, $3 78 

April 25. 0. F. Reeves, 1 83 

May 8. Treasury, 1 70 

June 20. Mechanics arts, 95 

July 2. Treasury, 16 13 

July 23. B. H Beaver, 50 

August 3. Oil, 12 

August 4. Treasury, 3 49 

March 6. M. D. Sneyder, . 85 

December — . Treasury, etc., 27 25 

Ob. 
April 16. Appropriation, $50 00 

«"*! K TA students, 6 10 

September 17. ) 

Appendix "O." 

Ammunition expended U. S. Government. 
1,100 carbine cartridges, ball, 45. 
1,000 carbine cartridges, blank, 45. 

125 blank cartridges, 3' gun. 

300 friction primers. 

Appendix "D." 

Ordnance and ordnance stores on hand, U. S. 
2 3-inch rifles and carriages (complete). 
100 Springfield cadet rifles. 
10 N. C. O. swords. 
100 infantry accoutrements (sets). 
100 headless shell extractors. 
100 blank cartridges, 3" gun. 
600 friction primers. 

Appendix **B." 

Property on hand. Military department. P. S. C. 
1 garrison flag (worn). 

1 battalion flag, silk (belt etc.). 

2 marker's flag, silk (belt, etc.). 
1 air gun (unserviceable). 

12 fencing masks. 

I seat of reloading instruments (unserviceable). 

7 officer's swords (with belts, etc.) and 2 en routs, 

1 set N. G. books. 

45 cavalry sabres. 

19 cavalry sabre belts. 
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2 8' Napoleon guns and limbers. 

2 drums (complete). 

2 fifes. 

4 blank books (record). 

1 hammer. 

1 desk (pigeon holes). 

1 electric bell. 

1 telegraph instrument (complete.) 
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13. MODER]>f LANGUAGES. 



State College, Pa., December Sl^ 1888. 
Geo. W. Atherton, LL. D., President : 

Sir : I have the honor to submit the following report of the Depart- 
ment of Modern Languages for the year 1888 : 

The number of students has been slightly increased over the num- 
ber in 1887, in the lower classes. The schedule of work has been the 
same, except an exchange of hours with Professor McKee during a 
part of the winter session and the spring session, on account of his 
sickness. In addition to this the essay work of the Sophomore class, 
in the spring session, was in the department. 

As our. classes are growing larger the difSculty of teaching them 
satisfactorily, under the present conditions, grows greater. To do 
justice to them, the Freshman class ought, hereafter, to be divided. 
This would not only make additional labor, but increased difficulty in 
arranging their schedule of work unless there should be a similar 
division, say in the mathematics. This recalls a suggestion in regard 
to dividing the mathematics in such a way as to require a little less 
work in that line for students not in the technical courses, thus allow- 
ing increased opportunity, if thought desirable, for modern language 
studies, in the sophomore year, at least, of which the department 
could make good use. A slight readjustment might then be made, 
so that the technical students would be able to give more time to 
French, which is desirable. 

There has been a suggestion as to offering electives in the senior 
year of the General Science Course which might open the way for ad- 
vanced work in this department in the fall or winter sessions, or both. 

I earnestly request that the department may be provided with 
large wall maps of France and Germany for class room reference, 
which is frequently desirable. 

Additional books of reference are also desired, and a large, well 
lighted recitation room, with plenty of black-board surface, is a nec- 
essity. 

Respectfully submitted . 

CiiAS. F. Reeves, 
Profeesor of Modem Languages. 
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14. PHYSICS AKD ELECTROTECHNICS. 



Qeobgb W. Athbrton, LL. D., President : 

Sir: The following table gives in condensed form a number of facts 
concerning the work in the Department of Physics and Electrotechnics 
during the year 1888. 

Recitation and Practicum Work. 



1 


Class. 


Na 


. Subject and Text-book. 


Hours per 
week. 


Practicum 
hours per 
week. 


i 
g 


Seniors, .... 

Seniors 2, \ 
Specials 2, $ • • 
Juniors, .... 

Specials, .... 


4 

4 
15 

2 


PracUcal Electricity 

Ayrton <fe Perry. 
Dynamo Electric Machinery, 

S. P. Thomson. 
Physics, 

Anthony <fc Brackett 
Electricity and Magnetism, . 

H. P. Thompson. 


8 
3 

4 
3 


4 

4 

6 


6 

S 
p; 


Seniors 2, \ 
Special 1, \ • • 
Seniors 2, \ 
Special 1, S ' 
Specials, .... 

Juniors, .... 

Specials, .... 


3 

8 
2 

15 

4 


Dynamo Electric Machinery, 

8. P. Thompson. 
Electric Lightiog, 

J. Maier. 
Electricity and Magnetism, . 

J. a Murdock. 
Physics, ... . . 

Anthony A Brackett 


4 
4 

1 
4 


8 

4 
4 












Seniors, . . . 
Graduates, . . . 
Oraduates, . . . 

Graduates, . . . 

Juniors, . . . 


6 
2 
I 

1 

28 






4 


< 


Theory of Electricity, .... 
Dynamo Electric Machinery, 

8. P. Thompson, 
Electric Ligliting, 

J. Maier. 
Physics, 

Anthony A BraoketL 


4 
3 

2 

4 


2 

4 



Number of different students: winter, 21 ; springy 18; fall, 31. 
Number of hours of recitation per week, 13 each session. 
Three distinct lines of laboratory work each session. 

The New;Ck>ur8e in Blectroteohnios. 

Several students, when this course was established, arranged for 
taking so much of it as they coula during the two remaining sessions 
of the college year 1887-8. Though they could get but a limited por- 
tion of the courso, and under disadvantages, some of them have en- 
gaged in electrical work and are doing well. 

At present there are two graduate students, at work in the course, 
five of the sophomore class (the first class that could choose it with- 
out abandoning a previous choice of course) have regularly entered it, 
and seven other students are doing some work in it. 
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It gives me pleasure to mention the courtesies of severjd electrical 
companies, and that thanks are especially due to the Standard Un- 
derground Cable Company and to the Westinghouse Electric Com- 
pany of Pittsburgh, for samples and apparatus freely given to the 
Department of Electrotechnics. 

Ck>ndition8 and Needs. 

All the work of the past year has been done in the oW rooms in the 
second story of the college, limited and entirely insufficient, causing 
much inconvenience and loss of time and extra labor. 

This lack of sufficient and suitable rooms will no doubt be remedied, 
by the beginning of the next college year, by the completion and' 
occupancy of the new physics building, now under roof. 

This building is designed for the following plan of work : 

(1) Lecture and recitation work. 

(2) Elementary, or general laboratory work. 

(3) Advanced laboratory work and research. 

(4) Special laboratories, applied physics. 

The lecture and recitation rooms are ample. The laboratories for 
elementary work are large enough to accommodate conveniently as 
many students as one instructor can properly manage. In this work, 
under the guidance of an instructor constantly in attendance, the 
student learns how to work, as well as something of physics. 

For the advanced laboratory work, a number ot small rooms are 
provided. The student who has learned how to work under an in- 
structor in the elementary laboratory, being given a room and appara- 
tus for some work of a higher grade, can proceed with it himself as 
uninterruptedly as his duties permit and his interest may prompt, under 
the general supervision and advice of the professor. Where the apti- 
tude and attainments are sufficient, this may readily pass into re- 
search work. 

The special laboratories, for instruction and practice in the applica- 
tion of physics to the useful arts and industries, are such as the 
photographic laboratory, and dynamo-electric laboratory, in which 
provision is made for so much as possible of the operations and 
methods employed in the practice of the arts. 

The need of liberal appropriations for the equipment of this depart- 
ment is very great. I shall be glad to give more detailed statements 
whenever there may be occasion. 

General Remarks. 

Not for supplying equipment, but for the running expenses to keep 
the work going during the coming year will require $150 to $200. 

A few things of most immediate and imperative need for slightly 
advancing the work will require about 1200. 
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The Notes on Experimental Dynamics printed in the report for last 
year (mainly from the note books of 1886) have been of great ad- 
vantage in the work this year. 1 have a pretty thorough revision, 
with corrections and additions, nearly prepared. 

Mr. George C. McEee, who was appointed assistant in the physical 
laboratory, early in the year, has rendered efScient aid, and I am glad 
that arrangements have been made by which he continues in that 
position; understanding the laboratory and the work from experience, 
and taking an earnest interest in it, his services will be yet more val- 
uable to the Department. 

Respectfully submitted, 

I. Thornton Osmond, 
Professor of Physics, 
Statb OoiJiEOF, Pa., January P, 1889. 
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15. TREASURER'S REPORT, DECEMBER 31, 188S. 



To the Board of Trustees of The Pennsylvania State College : 

Gentlemen : The following statement of the accounts of the Treas- 
urer for the year ending December 31, 1888, is hereby respectfully 
submitted : 

The receipts and expenditures for the year have been unusually 
large, the increase being due to appropriations by the State and. Na- 
tional governments in favor of the College, as well as to the consum- 
mation of the sale of the Eastern and Western Experimental Farms. 
These moneys received by the College are, for the most part, specifi- 
cally appropriated, and accounts are to be rendered, from time to 
time, showing the amounts received and the purposes for which the 
funds have been expended. 

It became necessary, therefore, for the Treasurer to open a separate 
account with each fund, and this report is consequently made up of 
several statements, showing the receipts and expenditures of each. 

The first account is the '' General Account^^ into which the interest 
from the Land- grant fund, the receipts from students. College farm, 
and the general income of the institution are deposited, and from 
which the salaries of the professors, the expenses of the various de- 
partments of the College, ordinary repairs, interest on the funded debt, 
and the general running expenses of the College are paid. 

The second account is " The State Appropriation Account,^^ Into this 
account is deposited all money recei^^ed under the act of the Legisla- 
ture of June 3, 1887, which appropriates one hundred thousand dol- 
lars to the College for the various purposes specified in the act, as fol- 
lows: 

Building for Department of Chemistry and Physics, . . $35,000 00 

Equipment for the same, 5,00000 

Qreen-house and Botanical Laboratories, 5,00«7 00 

Two dwellings, 8,000 00 

Drill Hall and Assembly Room 20,000 00 

Insurance and repairs on College buildings, 9,500 00 

For introduction of gas, 5,000 00 

Machinery and Apparatus for the Department of Me- 
chanic Arts and of Mechanical and Civil Engineer- 
ing, 8,000 00 

Books for the Library, 3,000 00 

Models and Casts, 1,500 00 

Total, $100,000 00 
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The entire amount due the College, as above stated, has been re- 
ceived, and a full statement of the account, from the date of its open- 
ing to December 31, 188S, is herewith presented. 

The thirft account is " T/ie State Experiment Station Account^ A 

provision in the act of June 3, 1887, above referred to, appropriates 

the sum of three thousand dollars for four years, beginning on the 

first day of April, 1887, in equal quarterly payments, to be used for 

. the work of an Agricultural Experiment Station, 

The fourth account is '^ The United States Experiment Station Ac- 
count?'* The moneys received into this account are those that are paid 
to the College by the Treasurer of the United States, under act of 
Congress known as the Hatch Act, which appropriates fifteen thou- 
sand dollars each year for establishing and maintaining an Agricul- 
tural Experiment Station. The appropriations date from July 1, 1887, 
and are payable quarterly. 

(L) Statement of the General Account. 

John Hamilton^ Treasurer^ in account with The Pennsylvania State 

College '• General Account.'*'^ 

Dr. 

To semi-annual interest from State Treasurer, .... $30,000 00 

To proceeds of notes negotiated, 11,230 00 

To amount received from students' fees, . 6,963 39 

To amount from sales off the College farm, 4,56121 

To amount received trom Mechanic Arts Department, . 597 25 

To interest from the State Treasurer on the proceeds of 
the sale of the Eastern and Western Expeiimental 
Farms, as per act of Legislature of 13 May, 1887, be- 
ing 6 per cent, on $17,000 to October 1, 1888, . . 378 33 
To amount received from the U. S. Experiment Station 
Account, due the College for various sums advanced by 

it to the Station, 1,267 69 

To amount received from Geo. W. Hood, proceeds of the 

sale of the Western Experiment Farm 7,000 00 

To amount received from Dr. William Frear, balance in 
his hands of Eastern Experimental Farm money, . . 26 51 

To damages from students, . 206 21 

To College building account, 244 28 

To Cottage Planing Mill Co , 214 81 

To sundry persons, 564 95 

Total, $63,254 63 



Digitized by LjOOQIC 



138 Annual Report of thb [No. 17, 

Or. 
By balance due Treasurer, December 31, 

1887, $2,869 24 

By orders of the President of the College, 

paid, 60,394 87 

By balance on hand December 81, 1888, . 52 

$63,254 63 

Balance in hands of Treasurer. December 31, 1888, . $0 52 

(2.) State Appropriation Acoount. 

Statement of receiptn^and expenditures from June 3^ 1887^ to Decern- 

her SI, 1888. 

1887. Dr. 

Sept. 7. To amount from State Treasurer, $17,00000 

Dec. 16. To amount from State Treasurer, 16,000 00 

Dec. 16. To amount lor brick machine (returned), . . . 157 50 

1888. 

May 15. To amount from State Treasurer, 24,000 00 

Aug. 7. To amount from sundry persons, 45 90 

Oct. 16. To amount from State Treasurer, ...... 15,00000 

Oct. 16. To amount material sold 241 29 

Dec. 8. To amount froDL State Treasurer, 28,000 00 

Total, $100,444 69 

Or. — By Paymbntb Madb Upon Orders of the President of the 

College. 



Accounts, 



Expense, 

Quarry, 

Brick, . 

Chemical and Physical laboratory, 

Botanical laboratory, 

Armory, . . . . 

Dwelling bouses, 

Electric light, 

Repairs (old), 

Mechanic Arts, equipment, 

Architect, 

Chemical and Physical Laboratory, equipment, 

Civil Engineering, 

College building (contract), 

Deficiency account, 

Furniture, 

Wages, 

Road extension, 

Wood and sand, 



Totals, 



1887. 



134 01 
1,155 94 

362 75 
3,782 06 
3,771 48 



363 61 
4,067 44 
3,755 05 
2,266 85 
1,034 32 

105 53 



504 77 
123 15 
111 85 



$21,439 71 



1888. 



194 94 

335 65 

1,017 91 

10,523 13 

3,809 08 

11,752 46 

6,808 75 

1,666 27 

1,185 86 

1,543 82 

2,575 50 

874 73 

626 33 

4,495 65 

4,434 88 

286 01 



152,020 97 



Balance in hands of the Treasurer December 31, 1888, . 



TotaL 



$128 95 

1,491 59 

1,880 66 

14,305 19 

7,n80 56 

11,752 46 

7,172 36 

5,723 71 

4,941 81 

8,810 67 

3,609 82 

980 26 

626 88 

4,495 a'S 

4,434 88 

286 01 

504 77 

123 15 

111 85 



$78,460 68 

26,984 01 
$100,444 69 



Digitized by VjOOQIC 



Off. Doo.] PEKNSTLVAKtA Stats Ooixegb. 189 

(3.) State Bxperixnent Station Aooount. 

December Sl^ 1888, 
By direction of the Board of Trustees at their January meeting, 
1888, the appropriation to this account was to be set aside for use in 
erecting an Experiment Station building. Some of the funds had 
already been used for other purposes, and this was ordered to be repaid 
out of the receipts from the " Hatch " fund when they should be real- 
ized. In 1887 the treasurer received from the State Treasurer under 

act of Legislature of June 3, 1887, $1,500 00 

And paid out on orders of Geo. W.. Atherton, President, . 1,235 63 

Leaving a balance in his hands December 31, 1887, . . . $264 37 

He received in 1888 from the State Treasurer, 3,750 00 

From the Hatch fund, 1,924 95 

Other sources, 64 25 

Total, $6,003 57 

He expended in 1888 — 

Sundry items for State, $752 13 

Experiment station building, 4,885 86 

5,637 99 

Balance on hand December 31, 1888, $365 58 



(4.) United States Bxperiment Station Accomit. 

Under act of Congress known as the " Hatch Act," the College is 
permitted to use three thousand dollars out of the fifteen thousand 
dollars of the first year for building purposes, and thereafter seven 
hundred and fifty dollars annually to be applied to the same purpose. 
The Trustees directed that the three thousand dollars of the first year 
should be used in erecting an Agricultural Experiment Station building 
and that so much of the State Experiment Station fund as had been 
used for the running expenses of the station since July 1, 1887, should 
be refunded to that account out of the Hatch fund. 

The treasurer received during the year as follows : 

1888. 

March 10, from the United States Treasury, $7,500 00 

April 19, from the United States Treasury, 3,750 00 

July 16, from the United States Treasury 3,750 00 

October 12, from the United States Treasury, 3,750 00 

Total, $18,750 00 

There was expended from this account on orders of the President 
of the College for the following purposes : 

Insurance, $51 00 

Wages, 570 14 
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Salaries,. $8,486 82 

OflSce expenses, 1,302 50 

General expenses, 748 61 

Livestock, 968 71 

Bills payable, 625 00 

Supplies and apparatus, 1,082 37 

Fertilizers, 68 36 

State Experiment Station ( reimbursement), . 1,924 05 

Pennsylvania State College (reimbursement), 226 17 

Experiment Station building, 2,961 21 

Director's house (heating), 250 00 

UnclatsiBed, 103 90 

Total, $19,369 74 

Deduct receipts, 18,750 00 



Balance due Treasurer December 31, 1888, .... $61974 



The Board will notice that the proceeds of the sale of the Eastern 
Experimental Farm is not indued in the statement of the " general " 
account, notwithstanding the order of the Board to have it paid into 
the College treasury and thence to the State Treasurer. This omis 
sion was caused by the refusal of the parties paying the money to 
deliver it to anyone except the State Treasurer and it was accordingly 
paid directly into the State treasury. The amount was $10,000, and 
this with the $7,000 received from the sale of the Western Experi- 
mental Farm gives the College an additional investment of $17,000, 
bearing six per cent, interest, or $1,020 each year to go to the ''sole 
and exclusive purpose of maintaining a mechanical workshop and 
chemical laboratories, and of conducting educational and scientific 
experiments on the experimental farm located at the State College." 

The Treasurer was uncertain as to the best method of keeping this 
account, but finally deposited the money in the general account in 
the College treasury. A statement is annually required to be made 
to the Governor of the Commonwealth of the receipts and disburse- 
ments of thid account. Might it not be best therefore to keep it as a 
separate account and so prevent any confusion that might arise from 
mingling this interest with the general funds ? 

Respectfully submitted. 

John Hamilton, 
Treasurer of The Pennsylvania State College. 

State College, Pa., December Sl^ 1888. 
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1(>. EEPORT OF THE BUILDI:N^G COMMITTEE OP 

THE PENNSYLVANIA STATE COLLEGE, 

DECEMBER, 31, 1 88a 



To the Board of Trustees of The Pennsylvania State College. 

Gentlemen: The Committee appointed by (he Board at their meet- 
ing in Janury, 1888, to take charge of the erection of the buildings 
and improvements authorized by Act of Legislature of June 3, 1887, 
respectfully report : 

That they entered ui)on their duties immediately after their ap- 
pointment, and have continued the oversight during the year. Pre- 
vious to the appointment of the Committee the walls of the Botanical 
Laboratory were up and the roof on and floors laid, the greenhouse 
was in use although not finished. The foundations of the Chemical 
and Physical Laboratory were in to the height of the grade line. 
The foundat;ion of one of the Profeseor^s houses was built and the 
excavation made for the other. Stone suflScient to complete the 
foundations were on the ground. The Electric Light Plant was in use. 
Considerable general repairing had been done. Some brick had been 
made under contract, but of inferior quality owing chiefly to the 
character of the clay used, and were worthless. Your Committee were 
not bound by any contracts previously made except two : one for the 
foundations of the two dwellings and one for the manufacture of one 
niillion brick. An examination of the accounts showed that the 
Botanical Building would overrun its appropriation, and that the 
Chemical and Physical Laboratory as planned, could not be built for 
the money appropriated. It was accordingly determined to finish this 
building last and then modify it so as to bring it within the money at 
our disposal. 

Some stone cutters, however, were kept at work during" the winter 
preparing stone for the basement story above the grade line, and 
when enough for this purpose were out, the work was suspended. 

It was also determined to let all future work by contract, and, accord- 
ingly, the architect was requested to get out the plans and specifica- 
cations as quickly as possible, for the two dwellings and the Armory 
and Assembly Hall. 

In the meantime your Committee compromised with the contractor, 
who had the making of the one million of brick, by which he surren- 
dered his contract and left the Committee free from the embarrassment 
in this direction ; his contract being objectionable in that it required 
the College to furnish wood, sand, sheds, etc., to the contractor, and 
also to provide a clay crusher for his use. It had become necessary 
also to change the location of the plant, as the clay was unsuitable in 
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thp location then occupied and the College was expected to bear the 
expense of the transfer. It was also thought, that a contractor who 
would assume the entire expense of the manufacture of the brick^ 
and who would furnish all the material in the wall would be more 
desirable than to have several contractors, each doing a separate part 
of the work. 

On the 23d of February, the following printed notice was sent to 
Bellefonte, Williamsport and Harrisburg papers for insertion, addi- 
tional slips were enclosed directly to individuals known to be inter- 
ested in contract work : 

*• Sealed proposals will be received at the office of F. L Olds, Su- 
pervising Architect of The Pennsylvania State College, at State Col- 
lege, Centre county. Pa , up to 12 m. on the 13th day of March, 1888, 
for the following work, to wit : 

The furnishing of all materials, labor and completion of two dwell- 
ings constructed of brick and wood, the foundations for which are 
completed? x^lso, for an Armory and Assembly Hall, one-story 
building of brick or stone, ground size 81x160 feet. 

Also, for the completion of the outside foundation walls of the 
Physical and Chemical Laboratory building. Drawings and specifica- 
tions for the foregoing work can be seen at the office of the sux>ervi8- 
ing architect. 

Each bid to be accompanied with a certified check for one hundred 
and fifty dollars, made payable to the treasurer of The Pennsylvania 
State College. Said check to be returned if the bid is not accepted or, 
if accepted, to be returned upon sighing the contract 

Bids to be addressed to John Hamilton, Chairman Building Commit- 
tee, State College, Centre county, Pennsylvania. The right is re- 
served to reject any or all bids. 

Plans and specifications for additional buildings are in preparation 
and will be advertised for proposals at an early date. 

John Hamilton, 
C. W. Roberts, 

Committee,^'* 

In answer to this, five bids were received and opened by the Execu- 
tive Committee of the Board on the 13th day of March. The bids 
were as follows : 

C. W. Dhdy, Warren, Pa., armory and dwellings, $41,350; Plum- 
mei & Jeffries, West Chester, Pa., armory, $27,500, houses, $13,527 ; 
P. B. Crider & Son, Bellefonte, Pa., armory, $28,500, houses, $11,000; 
Hoover, Hughes & Co,, Philipsburg, Pa., armory $22,744, houses, $8,- 
262; Cottage Planing Mill Co., Huntingdon, Pa., armory, $18^511, 
houses, $8,190. 

The bid of the Cottage Planing Mill Company on the Armory, being 
the lowest, was accepted, but their bid for the houses, although the 
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lowest, was still above the amonnt of money at our disposal and a 
modification of the plans was ordered and another bid was received 
from the Cottage Planing Mill Company, on the 4th of April, offering 
to do the work for $6,250. This was accepted and agreements for the 
Armory and dwellings were made oat and signed and work at once 
began. 

Plans and specifications for an Experiment Station building or 
laboratory were prepared by the architect and, after due notice to con- 
tractors, two bids were received which were opened by the Executive 
Committee, April 13, 1888. 

One from the Bedford Planing Mill Company proposed to do the 
work for 111,374. The other from the Cottage Planing Mill Com- 
pany offered to do it for $10,930. This also was let to the Cottage 
Planing Mill Company of Huntingdon. 

On the 13th of April, a bid was received from the Cottage Planing 
Mill Company for the completion of the Botanical Laboratory. The 
bid contained an itemized estimate and amounted to $1,202. This 
was accepted and the company authorized to go on with the work. . 

There remained the Chemical and Physical Laboratory to be pro- 
vided for. About $21,000 of the thirty-five thousand appropriated for 
this building was left with which to complete it. Consequently con- 
siderable modification of the original plans was necessary in order to 
keep within the funds at our disposal. 

The Committee had the architect complete the plans and specifica- 
tions as modified, and after the approval of the change by the Execu- 
tive Committee, advertised for bids. Printed slips were sent to all 
the previous bidders, and also to members of the Board to hand to any 
contractor that they might think desired to bid. 

The following is a copy of the advertisment : 

The PErasYLVANiA State College, 
State College, Centre Co., Pa., June 18^ 1888, . 

To : 

Dear Sir : Sealed proposals will be received on a brick and wood 
Chemical and Physical Laboratory building, eighty by one hundred 
and thirty, for the Pennsylvania State College, up to June 26, 12 m. 

The foundations of this building are in, and the plans and specifi- 
cations for the superstructure can be seen at the ofSce of F. L. Olds, 
supervising architect, State College, Centre county. Pa. 

Alt bids to be addressed to John Hamilton, Chairman of Building 
Committee, State College, Centre county. Pa. 

John Hamilton, 
Chas. W. Roberts, 
Committee. 
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In response to this, two bids were received ; one from Hoover, 
Hughes & Company, of Philipsburg, Pa., for |25,650, and the other 
from the Cottage Planing Mill Company, for $23,490. 

At the same time a bid by the Cottage Planing Mill Company was 
received proposing to reconstruct the interior rear wing of the main 
College building and also to construct new stair- ways in the central 
portion of the building, in accordance with plans and specifications 
submitted, for the sum of $5,120. 

These bids were submitted to the Board at its June meeting, and 
that of Cottage Planing Mill Company for the Chemical and Physical 
Laboratory was accepted, as also their bid for the improvement of the 
College building, but since there was only about $21,000 on hand 
for the completion of the Laboratory, it was agreed that the 
architect's salary for the next six months, one thousand dollars, 
also five per cent, of the contract price of the Experiment Station 
building and the Director's house, $706.50, should be added to the 
$21,000, together with about $500, the estimated saving in the dwell- 
ings and the other buildings, to make up the contract price, $23,490. 

The appropriation account for repairs had left to its credit $4,338.70. 
To this amount the board added $800 out of the undistributed 
balance of the College appropriation account to make up the contrac- 
tor's price of $5,120 for the repair of the College building. 

The electric light plant had over-run its appropriation about $800, 
and it was also agreed that this amount should likewise be provided 
for from the unappropriated balance of the College appropriation ac- 
count. 

Everything had now been been provided for and all within the 
amount appropriated. Articles of agreement were drawn up and 
signed by the Cottage Planing'Mill Company for all of this work, and 
on these contracts responsible bondsmen were required to guarantee 
the full performance of the agreements. 

The specifications and plan of the Armory required the contractors 
to set the building fifteen inches above the grade line and the foun- 
dations were to extend three feet below. When the building was lo- 
cated it was found that the conformation of the surface of the ground 
was such as to require it to be placed higher in order to elevate it 
suflSciently to insure drainage from its walls as well as to add to its 
appearance from its approaches. The extra wall necessary to do this 
was of course outside of the contract apd cost $f)84 additional. The 
floor of this building was to be of concrete, with doable thick floor of 
boards on top. This necessitated the filling up of the interior with 
earth to the line of the concrete, and this was partly provided for in the 
contract for the Experiment Station building in which the contractor 
was required to convey all earth not needed for grading there to the 
Armory to fill the interior. About two thirds of the necessary filling 
was secured by this method and the balance was filled in by the Col- 
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lege team. The arrangement being that the Building Oommittee 
would pay for the labor reqdired and that the farm would furnish 
the teams free of charge. A large amount of grading about the ar- 
mory was necessary, and this was partly provided for in the contract 
for the repair of the College building which required the contractor to 
remove all refuse mortar, brick, etc., and deposit it at the Armory. 
The balance of the grading was done by the Committee under the 
same arrangement with the College Farm as in the case of the filling 
of the interior. 

The water was conducted to the armory from the mains above the 
College barn and sewer pipe sufficient to connect with the sewer at the 
engine house is on the ground. This building, by the terms of the con- 
tract, was to have been finished by October 1, 1888. It is not yet com- 
pleted, although it is under roof and will be ready for use in a month 
or six weeks. The contractor gives as excuse that the brick could not 
be got out, owing to the unusually wet summer, which destroyed large 
quantities of brick in the yards and delayed the drying of others. 

The sub-contractor who had the erecting of the iron roof trusses 
was delayed nearly two months by the falling of three of the five 
trusses, and their consequent damage requiring them to be returned to 
the shops at Uniontown to be repaired. 

The tower is only partially up, but it is securely covered and can 
be completed early in the spring. The entire amount so far expended 
on the Armory is $11,752.46 and there is still due the contractor 
$8,229.78, making a total cost of $19,982.24, leaving $17.76 to its credit. 

The two cottages, one for the milita,ry Professor and the other for 
the Director of the Experiment Station are finished, and are occupied 
by these officers. They were to have been completed by the first 
of August, 1888, but were not ready for the occupants until October 
31, in case of the Director's house, and about a fortnight later in the 
case of the one for the military Professor, 

The heating of these houses, the mantels and grates, the sewer 
pipes and cess-pools, and the hardware, such as locks, hinges, catches, 
hooks, etc., were not included in the contract. The Director's house 
is heated by steam at a cost of $450, By arrangement with the Direc- 
tor this cost was paid by the Experiment Station. 

The military Professor's house is heated by a furnace at a cost of one 
hundred and twenty-eight dollars. The grounds around these dwell- 
ings have been graded, water pipes, cess-pool and sewer pipes were 
furnished by the Committee. The entire amount paid on these dwell- 
ings is $7,172.36, and there is still due the contractor $681.93, making 
the total cost $7,854.29, leaving a balance of this appropriation on 
hand of $145.71. 

The Botanical Building is completed and has been in use since the 
opening of the fall term. The Committee were under the necessity 
of arranging for the heating of this building in order that it might be 
10 State College. 
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occupied, and exchanged a boiler that had been purchased in 1887, 
and intended for heating by hot water for a steam boiler, and con- 
tracted for the heating by steam — an additional chimney had to be 
built in the boiler house in order to accommodate the steam boiler. 
The entire cost of this building, not including the cost of quarrying 
and haulingthe stone is $8,005.31, or $3,005.31 over its appropriation. 

The Experiment Station building was, by order of the Board, not to 
exceed in cost $15,000, and this money was to be derived from the 
State experiment station appropriation and the Hatch fund. 

The experiment station account to furnish, $12,000 00 

And the Hatch fund, 3,000 00 



Making the total of, $15,000 00 

The contract price for this building was $10,930. The steam heat- 
ing cost $950. The gas apparatus cost $1,075 and the furniture $1,110, 
making a total of $14,065. This does not include the bill for hard- 
ware such as locks, hinges, catches, drawer-pulls, etc. 

There has been expended on this laboratory : 

Out of the Hatch fund, $2,961 21 

Out of the State experiment station account, 4,885 86 

$7,857 07 

It is expected that this building when completed will cost the en* 
tire amount appropriated, $15,000. The steam and gas are in and 
the furniture and cases are being set. and it is hoped that the building 
will be ready for occupancy in thirty days. The contract time for 
finishing it was November 1, 1888. 

Provision will have to be made for raising the money necessary to 
pay the contractor on the completion of the work, and carry the 
amount over until the funds due from the State are received, a por- 
tion of it extending to June 18, 1891. 

Some grading was done about this building, but only sufficient to 
protect the walls from surface water during the winter. A good deal 
of work in this direction will be necessary. 

Work on the Chemical and Physical Laboratory was resumed in 
midsummer, and it is now under roof. It was evidenc in the autumn 
that it would be impossible to get it roofed in that fall, if additional 
brick were not secured outside of those made by the contractor on 
the ground. The contractor was urged to purchase the additional 
amount necessary to complete the building, and he arranged for 80,000, 
an amount sufficient to case the entire exterior walls of the structure. 
These were laid in white mortar, and were of much better quality 
than those made at the College. The cross walls in the interior were 
laid up of brick taken from those that came out of the College build- 
ing, which the Committee agreed might be the property of the con 
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tractor, and be used in this place.- A large amount of grading had 
been done during the winter, and this fall considerable more was nec- 
essary in order to protect the foundations from injury by rain and 
frost. The contractor claims that he is entitled to an allowance for 
an additional amount of Ohio stone used by him on the first story, 
owing to the unsuitable size of that furnished by the College last year. 
He also claims an allowance for the white sand used in laying the 
outside brick, and also a bill for the extra weight of irot^ and addi- 
tional amount of material used by him in the construction ol the roof. 
Tho contract requires in all cases where changes are made that the 
order shall be in writing, and no order was given by the Committee 
authorizing any departure from the plans and specifications as orig- 
inally made out. 

The contractor has until the 15th day of July, 1889, in which to 
complete this building. The contract does not include the heating, 
gas, plumbing, ventilating apparatus, or furniture, and funds will 
have to be provided for this purpose. The heating and lighting of 
the Armory will also have to be provided for outside of the appropria- 
tion. 

There has been expended on the building, not count- 
ing the cost of quarrying the stone, $14,305 19 

There is yet due on the contract, 14,408 74 

Making a total cost of $28,713 93 

The appropriation was 35,000 00 

Thus saving, $7,286 07 

To this add amount saved in the houses, 145 71 

Also cash proceeds of sales of material, 446 69 

Also amount due from contracts for material, .... 367 10 

Also amount due from the Experiment Station archi- 
tect's salary, 706 50 

$8,v^52 07 

In hand with which to meet the indebtedness contracted in 1887, 
and other expenses not included in the foregoing statement. 

Botanical Building deficiency, $3,000 00 

General expenses, 128 95 

Quarrying account, 1,491 59 

Brick account, 1,380 66 

Architect's salary for one year, 2,406 48 

Wood and sand, Ill 86 

Total, $8,519 53 

Leaving a balance of the building fund expended after all is com- 
pleted of $432.54. 
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The Electric light Plant, which was in uge when the Building 
Committee was appointed, but was in some respects imperfect, and its 
account unsettled and which it was estimated would exceed its ap- 
propriation $800, making a total cost of $5,800, was inspected by an 
expert and changes and additions made that were important as affect- 
ing both the efficiency and safety of the plant. The Board appropria- 
ted, as has before been stated, $800, out of the unappropriated balance 
of the general college account, to meet this deficiency. Final settle- 
ment was made including the changes and additions mentioned, for 
$772, leaving $28 unexpended to go back into the unappropriated 
balance of college funds. 

The Board also directed the Building Committee to make the re- 
pairs necessary to protect the Vice President's house from the damage 
occasioned by rain sinking into the interior and flooding the rooms. 
After consideration it was determined to have the old pointing re- 
moved and the exterior repointed with the best quality of Rosendale 
cement, also to take off the outside casings of the windows and refit 
them so as to exclude the rain. Two large windows were also set in 
the attic rooms to replace a similar number of small ones that failed 
to admit sufficient light. The chimneys were also ordered to be re- 
paired so as to provide draught for the furnace and fire places, that 
were defective. This work was done at a cost of $272.71, and the 
amount taken out of the unappropriated balance of the college account 
in conformity with the order of the Board. The committee also had 
a new cess pool dug and the pipes changed into it to replace the old 
one that overflowed and threatened to breed disease. This improve- 
ment was outside of the instructions of the Board and was paid for 
out of the repair and improvement account of the general college 
funds. 

Plans for the improvement of the main college building were pre- 
sented at the June meeting to the Board, the cost, as per bid of the 
Cottage Planing Mill Company, to be $5,120. At the January meet- 
ing of the Board, the Professor of Civil Engineering of the College 
was, at the suggestion of the President, elected consulting engineer to 
the Building Committee, to see after the proper form, strength and 
construction of the trusses, etc., that might go into the various build- 
ings. The plans for the improvement of the rear center wing of the 
college building, provided for the support of the third, fourth and 
fifth floors by means of trusses that were to go into partitions and 
leave the entire space below the third floor clear for use as a chapel. 
The Building Committee repeatedly called the attention of the archi- 
tect and of the consulting engineer to the extreme importance of having 
these trusses sufficiently strong to make all entirely secure, and were 
assured that they were all right and would sustain a much greater 
load than would ever come upon them. After they were in place 
and the load of the three floors was on them they were discovered to 
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be weak and unsafe and considerable settling of the floors was ob- 
served as a consequence of their condition. An examination of the 
trusses showed them to be giving way, and in order to prevent the 
catastrophe of the whole interior falling into the cellar it became 
necessary to shore up the entire interior from the first floor to the 
fifth. After careful computation and consideration, your committee 
come to the conclusion that no wooden trusses of size suited to the 
location could be constructed that would sustain with security, the 
incumbent load, and inasmuch as many human lives might be lost 
through failure to have this part of the construction secure, your 
committee concluded to introduce iron or steel supports instead of 
the wood. 

With this in view the architect was sent to Pittsburgh to get the 
advice of reliable construction companies in the matter, and also secure 
bids for the form of iron or steel construction recommended. 

All the designs were very expensive ranging from $4,200 to $6,300 
dollars not including the placing of them in position. The forms 
suggested were for these and other reasons rejected. Your committee 
then prepared a plan which was submitted to experts in Pittsburgh 
and approved, and a contract was entered into with the Pennsylvania 
Construction Company of Pittsburgh, Pa., to make the supports and 
erect them in place for the sum of $2,350. 

The contract was made on the 20th day of August, 1888, and it 
stated that the whole was to be shipped within two weeks and to be 
in place within one week after it was delivereil at the college. The 
work on the repairs of this portion of the building had now to be sus- 
pended and in order that all might be in place at the time of the 
opening of the Fall session of the College, the date for the opening was 
changed from September 12th to the 19th. Instead however of the 
construction company fulfilling the contract and having the girders in 
place not later than the middle of September, they were not in place 
until the 13th day of November. It is hardly possible to exaggerate 
the inconvenience that the college suffered by this delay. 

The failure of the original trusses to stand the strain has caused 
great expense in addition to the serious delay of the work. The bill 
of extras directly occasioned by this will reach between $3,200 and 
$3,500 dollars. 

As the work progressed it became important to add things that were 
not foreseen. A large well hole was left in the main hall opening 
into the second floor. The underside of the stairways was lined with 
yellow pine instead of plaster. The fifth floor hall ceiling was raised 
to fourteen feet. The walls of all the central portion of the corridors 
and stairs was kalsomined. The wainscoting was painted and sanded. 
The top and bottom of the wainscoting was finished with cap and 
base. Transoms were introduced over doors, a new floor was laid in the 
first hall. Large windows were opened into the rooms adjoining the 
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stairways. Extra partitions were placed to make suitable division of 
the rooms; new rooms were fitted up in the front of the central hall. 

A well constructed and commodious water closet was constructed on 
the fourth floor; water pipes with hose connections were run through 
all the stories in the main hall. Black boards were made in all the 
recitations rooms. Electric lights were replaced. The steam heating 
had all to be changed in ♦he rear wing. Recitations rooms were 
painted and the old walls covered with a coat of plaster to conform to 
the other sfdes which were new. Ceiling and papering and many minor 
matters, that could not have been anticipated, were done in order to 
make the job complete. These extra expenses will cost but $3,000 or 
$3,200 dollais more, making the total cost outside of the contract 
about $6,400 dollars. Only an inspection of the buildings will show 
what has been done, and itemized accounts of all are on file. 

The halls and stairways are finished and the rooms above the chapel 
are nearly ready for the occupants. Another month will, it is believed, 
see it all completed. 

Whilst the committee regret the outcome of the college building ac- 
count, they nevertheless feel that they are not responsible for the 
error committed and could only go ahead after it was discovered. 

All of the work done is secure and is as inexpensive as the circum- 
stances and its importance would permit. Your committee are con- 
strained to say, in concluding this lengthy report, that the entire work 
of the year has been under their constant supervision, so that they are 
confident that no serious defect in the construction of any of the build- 
ings exists, and all bills, estimates and material have been carefully 
inspected. 

Your committee have declined to make final . settlement with the 
contractor in the matter of the construction of the two dwellings, and 
they desire instructions as to what they shall do in this and other cases 
that arise when the time tor the completion of the buildings has expired 
and a forfeiture is liable. 

The committee also desire instructions as to the settlement with 
the Pennsylvania Construction Company^ of Pittsburg, in view of 
their failure to fulfil their contract. 
Respectfully submitted. 

JoHw Hamilton, 
Charles W. Roberts. 
Committee, 

December 31, 1888. 
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State College, Pa., January SO^ 1889. 

Geo. W. Athbeton. L.L. i>., 

President^ Pennsylvania State College : 
Dear SfR : I have the honor to present to yon the enclosed report 
of the work of the Agricultural Experiment Station of the Pennsyl- 
vania State College for the year 1888. 

Very respectfully, 

H. P. Armsbt, 
Director. 
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LAWS RELATING TO THE STATION. 



[ Act of Congress approved March 2, 1887. (The Hatch Act ) J 

An act to establish agricultural experiment stations in connection with the colleges 
established in the several States under the provisions of an act approved July 2, 
1862, and of the acts supplementary thereto. 

Section 1. Be it enacted ly the Senate and House of Represeyitatives 
of the United States of America in Congress assembled^ That in order 
to aid in acquiring and diffqsing among the people of the United States 
Qseful and practical information on subjects connected with agricul- 
ture, and to promote scientific investigation and experiment respecting 
the principles and applications of agricultural science, there shall be 
established, under direction of the college or colleges, or agricultural 
department of colleges, in each State orTerritory established, or which 
may hereafter be established, in accordance with the provisions of an 
act approved July 2, 1862, entitled "An act donating public lands to 
the several States and Territories which may provide colleges for the 
benefit of agriculture and the mechanic arts," or any of the supple- 
ments to said act, a department to be known and designated as an 
"agricultural experiment station :" Provided^ That in any State or 
Territory in which two such colleges have been or may be so estab- 
lished, the appropriation hereinafter made to such State or Territory 
shall be equally divided between such colleges, unless the Legislature 
of such state or Territory shall otherwise direct. 

Section 2. That it shall be the object and duty of said experiment 
stations to conduct original researches or verify experiments on the 
physiology of plants and animals ; the diseases to which they are sev- 
erally subject, with the remedies for the same ; the chemical compo- 
sition of useful plants at their different stages of growth ; the com- 
parative advantages of rotative cropping as pursued under a varying 
series ot crops ; the capacity of new plants or trees for acclimation ; 
the analysis of soils and water; the chemical composition of manures, 
natural or artificial, with experiments designed to test their compara- 
tive effects on crops of different kinds ; the adaptation and value of 
grasses and forage plants ; the composition and digestibility of the 
different kinds of food for domestic animals ; the scientific and eco- 
nomic questions involved in the production of butter and cheese ; and 
such other researches or experiments bearing directly on the agricul- 
tural industry of the United States as may in each case be deemed 
advisable, having due regard to the varying conditions and needs of 
the respective States or Territories. 
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Section 3. That in order to secure, as far as practicable, uniformity 
of methods and results in the work of ^aid stations, it shall be the 
duty of the United States Commissioner of Agriculture to furnish 
forms, as far as practicable, for the tabulation of results of investiga- 
tion or experiments ; to indicate, from time to time, such lines of in- 
quiry as to him shall seem most important, and, in general, to furnish 
such adyice and assistance as will best promote the purposes of this 
act. It shall be the duty of each of said stations, annually, on or be- 
fore the first day of February, to make to the Governorof the State or 
Territory in which it is located, a full and detailed report of its opera- 
tions, including a statement of receipts and expenditures, a copy of 
which report shall be sent to each of said stations, to the said Com- 
missioner of Agriculture, and to the Secretary of the Treasury of the 
United States. 

Sectfon 4. That bulletins or reports of progress shall be published 
at said stations at least once in three months, one copy of which shall 
be sent to each newspaper in the States or Territories in which they 
are respectively located, and to such individuals actually engaged in 
farming as may request the same, and as far as the means of the station 
will permit. Such bulletins or reports, and the annual reports of said 
stations, shall be transmitted in the mails of the United States free of 
charge for postage, under such regulations as the Postmaster General 
may from time to time prescribe. 

Section 6. That for the purpose of paying the necessary expenses 
of conducting investigations and experiments and printing and dis- 
tributing the results as hereinbefore prescribed, the sum of $15,000 is 
hereby appropriated to each State, to be specially provided for by 
Congress in the appropriations from year to year, and to each Territory 
entitled under the provisions of section eight of this act, out of any 
money in the treasury proceeding from the sales of public lands, to 
be paid in equal quartery payments on Ihefirstdayof January, April, 
July and October in each year, to the treasurer or oflScer duly appoint- 
ed by the governing boards of said colleges to receive the same, the 
first payment to be made on the first day of October, 1887: Provided^ 
however^ That out of the first annual appropriation so received by 
any station an amount not exceeding one-fifth may be expended in 
the erection, enlargement, or repair of a building or buildings neces- 
sary for carrying on the work of such station, and thereafter an 
amount not exceeding five per centum of such annual appropriation 
may be so expended. 

Section 6. That whenever it shall appear to the Secretary of the 
Treasury, from the annual statement of receipts and expenditures of 
any of said stations that a portion of the preceding annual appropria- 
tion remains unexpended, such amount shall be deducted from the 
next succeeding annual appropriation to such station, in order that 
the amount of money appropriated to any station shall not exceed the 
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amount actually and necessarily required for its maintenance and 
support. 

Section 7. That nothing in this act shall be construed to impair or 
modify the legal relation existing between any of the said colleges 
and the government of the States or Territories in which they are 
respectively located. 

Section 8. That in States having colleges entitled under this section 
to the benefits of this act, and having also agricultural experiment 
stations established by law separate from said colleges, such States 
shall be authorized to apply such benefits to experiments at stations 
so established by such States, and in case any State shall have estab- 
lished, under the provisions of said act of July 2 aforesaid, an agricul- 
tural department or experiment station in connection with any univer- 
sity, college or institution not distinctively an agricultural college or 
school, and such State shall have established or shall hereafter establish 
a separate agricultural college or school, which shall have connected 
therewith an experimental farm or station, the Legislature of such State 
may apply in whole or in part the appropriation by this act made, 
to such separate agricultural college or school, and no Legislature 
shall by contract, expess or implied, disable itself from so doing. 

Section 9. That the grants of moneys authorized by this act are 
made subject to the legislative assent of the several States and Terri- 
tories to the purpose of said grants: Provided^ That payments of such 
instalments of the appropriation herein made as shall become due to 
any State before the adjournment of the regular session of its Legisla- 
ture meeting next after the passage of this act shall be made upon the 
assent of the Governor thereof duly certified to the Secretary of the 
Treasury. 

Section 10. Nothing in this act shall be held or construed as binding 
the United States to continue any payments from the Treasury to any 
or all the States or institutions mentioned in this act, but Congress may 
at any time amend, suspend or repeal any or all of the provisions of 
this act. 

Approved— March 2, 1887. 

Extracts from Act of Legislature of Pennsylvania approved June 5, 

1887. 

[No. 223, Laws of Pennsylvania, Session of 1887.] 

Section 1. Be it enacted^ c&c.^ That the following sums be and here- 
by are specifically appropriated to the several objects hereinafter 
named, to be paid by the State Treasurer to the said trustees of the 
said Pennslvania State College, out of any moneys in the Treasury 
not otherwise apprqpriated, to wit : 

Foi the purpose of erecting two dwelling houses, one for the military 
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instructor in said college, and one for the director of agricultural 
experiment work, the sum of eight thousand dollars. 

Section 2. That there is hereby appropriated, as aforesaid, for the 
purpose of increasing, at said State college, the work of an Agricultural 
Experiment Station as now conducted there, and publishing for dis- 
tribution among (he farmers of the State, the results of such work, the 
sum of three thousand dollars, each year, for four years, to be paid as 
aforesaid, in equal quarterly payments, beginning on the first day of 
April, in the year one thousand eight hundred and eighty-seven. 
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FINANCIAL STATEMENT. 



The Pennsylvania State College Aqbicultural Experimant Station 
in account with the United States appropriation^ 1888. 

Dr. 
To receipts from Treasurer of the United States, as per 
appropriation for year ending June 30, 1S88, under 
act of Congress approved March 2, 1887, $15,000 00 

Cr. 

June 30. By Salaries, $7,032 48 

Office expenses, 628 3D 

Printing, 1,080 74 

Livestock, 1,104 39 

Implements, 238 64 

Chemical laboratory, . . . 611 80 

Horticultural department, . 127 91 

Botanical, 151 64 

Field experiments, .... 241 85 

Fertilizers, 83 61 

Feed, 57 56 

Fences 15 45 

Labor, 512 67 

Traveling, 76 53 

Expense, 104 44 

Buildings, 2,996 35 

Repairs and improvements, 3 50 

$14,967 95 

Balance unexpended, $32 05 

We, the undersigned, a committee appointed by the Board of 
Trustees to audit the accounts of the Agricultural Experiment Station 
of the Pennsylvania State -College, do hereby certify that we have ex- 
amined the books and accounts of said Station for the fiscal year end- 
ing June 30, 1888; that we have found the same well kept and cor- 
rectly classified as above, and that the receipts from the Treasurer of 
the United States for the time named are shown to have been 
$15,000, and the corresponding disbursements 114,967.95, for all of 
which proper vouchers are on file and have been by us examined 
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and found correct, thus leaving an unexpended balance of $32.05 
to be accounted for in the fiscal year commencing July 1, 1888. 

H. V. White, 
Cyrus Gordon, 
Aiuiitinff Committe of Board of Trustees, 
January 22^ 1889, 

I hereby certify that the foregoing statement is a true copy from 
the books of account of the Agricultural Experiment Station of the 
Pennsylvania State College. 

John Hamilton, 
Treasurer. 
February i, 1889. 

I hereby certify that John Hamilton is the treasurer of the Penn- 
sylvania State College, and that the above is his signature. 

[seal,] Geo. W. Athekton, 

President Pennsylvania State College. 
February i, 1889, 
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REPORT OF THE DIRECTOR. 



As noted in my report for 1887, 1 was not able to assume personal 
charge of the work of the Station until the close of that year. While 
the experimental work proper to a station has been actively carried 
on and considerably extended in scope since that date, a large portion 
of my time has necessarily been devoted to questions of organization 
and equipment The large increase in the funds available for experi- 
mental work in agriculture, and especially the terms of the so called 
*' Hatch Act," donating the college $15,000 annually from the treasury 
of the United States, made necessary a more complete organization of 
this department of the college, and a separation of it in certain par- 
ticulars from the other departments, corresponding to the difference 
in the character of its work. 

Accounts. — In order to meet these new conditions, so far as they 
affected the finances of the Station, the board voted, June 30, 1887, 
'^ That the work in agricultural experiment and investigation carried 
on at and in connection with the Central Experimental Farm be here- 
after conducted under the title of ' The State College Experiment 
Station,' and that the books of account be kept accordingly." In pur- 
suance of this resolution a separate set of books was opened for the 
accounts of the Experiment Station, and early in the present year the 
keeping of these books was, by vote of the Executive Committee, 
transferred to the Director of the Station. From that time until June 
80 the books were kept upon substantially the system previously 
adopted. In view of the fact, however, that the Station has to account 
both to the United States treasury for expenditures under the ''Hatch 
Act," and to the State of Pennsylvania for expenditures from the ap- 
propriation made by the State, it was felt that our system of book- 
keeping should be modified so that the books should show separately 
upon their face the expenditures from each of these funds as well as 
from the funds coming from sales of farm produce. A system of ac- 
counts was therefore adopted on July 1, 1888, with the approval of 
the Executive Committee, by which the books will show each of these 
three classes of expenditures by itself, and will also show separately 
the cost of the labor expended under any given account. 

OMcers of the station. — At the beginning of the year the officers of 
the station were as follow s : 

Geo. W. Atherton, LL. D., President of the College ; H. P. Armsby, 
Ph. D., Director; William Frear, Ph.D., Vice-Director and Chemist; 
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Wm. A. Buckout, M. S., Botanist ; Geo. 0. Butz, M. S., Horticulturist; 
Wm. 0. Patterson, Superintendent of Farm ; H. J. Patterson, B. S., 
Assistant Chemist. 

During the year the following additions have been made : Geo. L. 
Holter and W. S. Sweelser, Assistant Chemists ; Wm. H. Caldwell, As- 
sistant Agriculturist; Miss Julia C. Gray, Clerk aad Stenographer ; 
George OUey, Gardener. Mr. H. J. Patterson, who for the preceding 
two and one- half years has had immediate charge of the chemical 
work of the Station, resigned on July 1 to accept the position of Chemist 
of the Maryland Agricultural Experiment Station, his place here 
being taken by Mr. Holter. 

Ntw Building, — One of the first needs of the Station under the new 
conditions was adequate office and laboratory accommodations, 
the old quarters in the college building being too small for its 
needs, and the room being urgently needed by the College for other 
purposes. It was therefore voted by the Trustees, January 24, to pro- 
ceed with the erection of a building expressly for the accommodation 
of the Experiment Station at a cost not to exceed $15,000. After con- 
sultation with the other officers of the Station, and an inspection of the 
new building oi the Massachusetts State Experiment Station, a plan 
for such new building was submitted to the building committee and 
adopted by them without material change. A brief description of the 
building, with cuts showing the floor plans and two elevations, was 
furnished by request to the September number of Agricultural Science^ 
and is reproduced on subsequent pages of this report. The comer- 
stone of the building was laid, with appropriate ceremonies, June 27, 
1888, and it is now approaching completion. In the meantime the 
Station has occupied temporary quarters in the college building at the 
cost of much inconvenience to itself and even greater inconvenience 
to the College. 

Character of Station Worh — The Station proposes to undertake, in 
t he interest of the farmers of the State, essentially three kinds of work : 

IfiTBt. — It will plan and carry out experiments designed either to 
add to our knowledge of the principles involved in the successful pro- 
duction of crops and animals or to show the best methods of applying 
in practice principles already established. This field of work, in both 
its sub-divisions, it regards as its most important one, and expects to 
make its most prominent one. Of the many problems which arise in 
the experience of every thinking farmer, it will select such as seem to 
be of most immediate practical importance to the farmers, gardeners 
and stock raisers of the State, and bring to bear upon their study all 
the resources both of practice and of science which it can command. 

It does not expect to confine itself in this branch of its work exclu- 
sively or even largely to purely scientific experiments, that is experi- 
ments designed to establish principles. It will rather regard it as its 
chief duty to apply scientific methods to the study of practical ques- 
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tions, that is, questions of practice as distinguished from questions of 
science, and while desiring to emphasize the importance and value of 
scientific research, and endeavoring to do so much of it as it deems 
consistent with its other duties, it will consider that its first obligation 
is to inform the farmers of the Slate upon those points on which they 
desire information. 

Second, In addition to this work of general interest to all farmers, 
special questions oiten arise, of peculiar interest to one or a few 
farmers such as the value of some new kind of fodder, the purity and 
germinative power of a lot of seed offered or purchased, the name and 
value of a new grass or other plant, the name and habits of a new in- 
sect, etc., etc. The station will endeavor to the extent of its power 
to aid farmers by examining specimens of the various farm products, 
fodders, etc., sent to it, identifying plants, grasses, weeds, insects, 
testing seeds, etc., etc. In short all work proper to an Agricultural 
Experiment Station will be performed free of charge so far as it is for 
the general use and advantage of citizens of Pennsylvania. On the 
other hand, the Station cannot undertake private work, and it will 
make no examination the results of which it is not at liberty to pub- 
lish or otherwise use at its discretion for the public good. Particulars 
as to the conditions upon which such samples will be examined, and 
directions for taking and sending samples will be found at the end of 
this report. These directions will also be mailed free on application. 

Third. The Station will aim to make itself useful as a bureau of 
information on agricultural matters for farmers and others interested 
in its work, and will to the extent of its ability answer any inquiries 
pertaining to agriculture or horticulture. While it cannot assume to 
be able to answer satisfactorily all questions, all correspondents may 
feel sure that their letters will receive careful attention and as full a 
reply as possible. 

Work of the past year. — The system of field experiments which 
had been carried on for several years upon the Central Experimental 
Farm has been continued without material change during the past 
year. Full meteorological observations have also been continued 
during the year. In connection with this work, arrangements were 
made early in the season by which the Station receives the daily 
weather indications sent out by the United States Signal Service, and 
displays them in the customary manner by means of fiags from the 
tower of the college building. 

In considering what additional work should be undertaken by the 
Station, I have been impressed with the importance of doing what- 
ever is practicable towards developing the live stock industries of the 
State, not only on account of the direct profits which might thus be 
gained by farmers, but even more on account of the indirect 
benefits arising from the conservation and increase of the fertility 
2a State College. 
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of the soil consequent upon stock raising and feeding. Oonsiderable 
work has, therefore, been done upon feeding problems, and more 
is projected and partly in process af execution. In this work it is 
proposed to pay particular attention to questions bearing on the econ- 
omy of feeding and to endeavor to furnish some aid to the farmers of 
the State in reducing the cost of production of meat and dairy pro- 
ducts. For details of the work already done, see the reports of ex- 
periments on subsequent pages. 

Publications. — In order to bring its results before the public the 
Station publishes an annual report and bulletins at least quarterly. 
Under the provisions of the Hatch Act, these publications may be 
sent in the mails free of charge of postage. On the other hand, the 
Station is obliged at present to bear the entire expense of publishing 
its bulletins, and also the cost of printing, all above a certain limited 
number of reports. For these reasons it is not able at present to dis- 
tribute them as freely as it would bo glad to, but so long as the supply 
lasts they will be sent free of charge to all residents of the State who 
request it. 

As required by the Hatch Act, the Station has published four bul- 
letins during the past year : 

No. 2, published in January, on Field Experiments with Phosphates. 

No. 8, Published in April, on Composition and Digestibility of Corn 
Stover. 

No. 4, published in July, on* Seed Germinations. 

No. 5, published in October, on The Digestibility of Soiling Rye. 

A small pamphlet was also printed in August, entitled " list of Ex- 
periments in Progress." This was not sent out as a bulletin, but was 
distributed in connection with an exhibit of the work of the Station 
made at the Williams' Grove Grange Picnic, and at the State Fair in 
Philadelphia. The mailing list of the Station has experienced a mod- 
erate increase during the year, and now contains over 11,000 names. 
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THE NEW BUILDING OF THE PENNSYLVANIA STATE COL- 
LEGE AGRICULTURAL EXPERIMENT STATION. 



BY H. P. ARMSBY. 



The following description of this building is reproduced from "Agri- 
cultural Science" for September, 1888: 

The building is designed to furnish office and laboratory accommo- 
dations, together with lodging rooms for asssistants. It consists of a 
main portion 68-6x42 in extreme dimensions, and two stories high^ 
with an additional story in the tower over the main entrance, and of 
a one-story wing 44 8x24-9, placed at right angles with the main 
portion of the building. It is located in a commanding position, 
facing to the southeast, and affording an extensive view of the sur- 
rounding country. The main entrance hall 12 x 21-9, is located at the 
east corner'Of the buildinic. On the left of this hall is the general 
office, 27-6x30-6, lighted by throe windows on each side. It is the in- 
tention to put in permanent book-shelves in such a way as to make 
an alcove opposite each of these windows, thus affording to the offi- 
cers of the station a convenient place for keeping such portions of 
their private libraries as they choose to deposit in the Station build- 
ing, and giving them also a certain degree of privacy in their office 
work. In the center of the office will be located a table for general 
use. Provision is made for ventilating this room through a special 
flue placed in the same stack with the flue used for the heater. 

Opening from the general office is the library, 14xl(j-6, and a di- 
rector's room, 16-6x18, the two being connected by a small passage. 
Between the two is located a fire-proof vault, opening from the di- 
rector's room, for the safe keeping of records, account books, docu- 
ments, etc. 

The main entrance hall also gives access to a chemical laboratory, 
18x21-6, from which opens a balance and store room, 9x15-4. This 
latter room will be used both as a balance room and to store a sufficient 
supply of apparatus for the current use of the laboratory. A stair- 
ease leads from this room to the attic of the one-story wing, and also 
to a main store room for apparatus, located in the cellar underneath 
the laboratory, and accessible from outside the building. A hand-lift 
runs from this general store room to the attic of the wing. Passing 
into the wing across the passage in which the lift is located, and which 
serves also as an entrance, we come to the grinding-room, lf^-9xl4, 
which may also be entered by a passage from outside the building. 
Here the preparation of re-agents, the drying and grinding of samples 
for analysis, and similar work will be carried on. The vacant space 
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next to the chimney-stack shown upon the plan will be occupied by 
the drying closet, heated by steam. In the extreme end of the wing, 
and entered through the grinding room, is a second chemical labora- 
tory, 20x22-9, with a balance and store room 8-6x9 6, opening from 
it. Both this balance room and the one previously mentioned have 
northeast light, and are thus prt)tected from direct sunlight during 
nearly the whole day. 

The ventilation of the laboratories and grinding-room is provided 
for by four chimney-stacks, each containing three flues. An attic, as 
already noted, extends over the whole wing and may bo reached by 
a staircase from one of the laboratories, and also by the lift. Upon 
the second floor, the main entrance hall gives access to a museum- 
room, 27-6x31-2, located over the general office, and lighted upon 
each of two sides by five windows situated about five and a- half feet 
above the floor. From the museum open two assistant's rooms, and 
a small room in the tower which may be used as a store room in con- 
oeclion with the museum. 

Opening also from the main hall is the botanical laboratory, 18- 
6x21-10, and from this again opens a photograph room, 13x13-4, pro- 
vided with a sky-light and a dark room. There is also a small room 
in the third story of the tower and an attic over the whole main por- 
tion of the building. 

The cellar extends under the main portion of the building, and con- 
tains as already noted, a large store-room for apparatus, and also a 
gas analysis room, located under and of the same size, as the balance- 
room. Along the front of the building runs a porch eleven feet wide 
by fifty feet long, with a parte cochere opposite the main entrance. 

The building above the foundations is of wood, brick-cased up to 
the transoms of the first story windows and shingled above that point. 

The interior will be finished in first quality white pine, finished in 
the natural wood, with southern yellow pine floors throughout the 
building. It will be heated by steam, and gas will be furnished from 
a naphtha gas machine* 

The corner-stone of the building was laid June 27, 1888, the follow- 
ing being the order of exercises: 

Music 

Invocation. 

Address, by Professor I. P. Roberts, Director of Cornell University Experiment 

station. 
Outline of Station Work, by Dr. H. P. Armsby, Director. 
Music 

Address, by His Excellency, James A. Beaver, Governor of the Commonwealth. 
Laying of Comer-stone, by Hon. Francis Jordan, President of the Board of 

Trustees. 
Benediction. 
Music 
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The following was Professor Roberts' address : 

Address of Prof. I. P. Roberts. 

You do me greater honor than I deserve by inviting me to speak to 
you today,as you place the keystone in the great arch of experiment 
stations, maintained by our government. These stations are founded 
in order that light and knowledge may be sown so abundantly that 
the poorest toiler, the smallest farmer, may, if he will, have opportu- 
nity placed within his reach, and if he so desires, may make advance- 
ment in the art and science of agriculture. 

One nation in all the ages since the world began has at last learned 
that it is wiser and cheaper to teach the weak how to get a living 
than to destroy them ; that it is more noble to use the plow than the 
sword, and that the art of producing the comforts and luxuries of liie 
is as far above the art of destroying them as heaven is above hell. 

America is the first nation to teach the world that work is more 
respectable than idleness and that honor and dignity come from 
knowledge and training, and not from birth or calling. 

The despised hind of Europe has here in this western world been 
transformed, as by magic, into the intelligent land holder, and his 
progeny educated to fill with credit every position of trust and honor, 
in the land. 

What forces, what causes, what influences have produced these 
latter-day miracles? Briefly stated that they are the legitimate pro- 
duct of knowledge. Our forefathers began by erecting a great ex- 
periment station. Its farm reached from ocean to ocean, from the 
snowSiOf Canada to the everglades of Florida. Having secured the 
farm they began with great zeal and wisdom to lay corner stones, 
01^ corner-logs, of experiment station buildings. A district school 
house arose on every four corners, a churcl^in every grove, an academy 
by every babbling brook and a college by every lake side. And this 
for what! To train the sons and daughters of the hinds of Europe. 
To educate for mothers of statesmen, for teachers of youths, the 
daughters of Celtic sun burned women who, in their own country, had 
carried the hod, cleaved the wood and tilled the soil. 

In all the history of the world can there be found an example of an 
experiment so broad, so grand, so philanthropic and so likely to fail ? 
Nominally we have met to lay the corner stone of a building; but in 
fact we are here to place, with appropriate ceremonies, the capital 
upon the great educational column, the corner-stones of which were 
wisely laid and firmly cemented by the toil and sacrifice of our 
ancestors. 

The structure to be erected upon these solid foundations we call an 
experiment station building. The name is long enough but not broad 
enough. It is a great public school building, an agricultural college, 
with a million non-resident pupils. It is a new departure, not meant 
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to Bupplant, but to supplement other educational institutions. It 
emphasises more emphatically than has ever been done before the 
fact that knowledge is power, that mind controls matter, that the 
forces of nature are unlimited, that man is the end, and that all else 
are but means. Every brick in this noble structure repeats again the 
God-«iven right ''Man is to have dominion." This gift from our 
Creator apparently so free is hedged in by conditions, and these must 
be removed or we cannot enter into our inheritance. 

" He that will not plow by reason of the cold shall beg in harvest 
and have nothing ; " or we might render it — he that will not put forth 
energy, and toil with mind and body even to weariness in the spring- 
time of life shall gather no fruit in the autumn — shall not have 
dominion. 

'• I went by the field of the slothful and by the vineyard of the man 
void of understanding, and lo! it was all grown over with thorns, and 
nettles had covered the face thereof and the stone wall thereof was 
broken down. Then I saw and considered it well ; I looked upon it 
and received instruction." 

It appears that three thousand years ago there were men living who 
would have been benefited by an experiment station, for they did not 
know their business; they were void of underbtandlng. These of 
whom Solomon speaks, were they, who, in their day and generation, 
held down the dry goods boxes at the comer groceries and whittled 
away at the old, greasy p!ank-bottomed chairs that leaned and squeaked 
out their brief existence on the front porches of the village hotels of 
Palestine. "The stone wall thereof was broken down:" with this 
brief information, how easily we can complete the picture.. The 
children of these men void of understanding have been routed out 
betimes, they have passed through the broken place in the wall aod 
with naked limbs they are gleaning as best they may, the few half • 
dried fruits that are scattered here and there among the thorns and 
nfettles. 

It is high noon; an old unwashed man is entering Jerusalem at the 
fish gate ; in either hand is a basket, one containing a dozen eggs, 
gathered by his wife, the other the children's gleanings. The fierce 
tropical sun has passed to the west till its rays strike squarely against 
the roof of the shadeless farmhouse, where toils the tired mother, who 
has no hope and yet must wait and toil and save. She may not even 
leave the house, for the only visible means of support is in the little 
patch of edibles just behind the stable, where still lingers a fraction 
of the neglected and wasted manures, and at any unguarded moment 
the razor-backed hog or the gothic cow may come through the broken 
wall thereof. 

This man was not a "book farmer;" he did not believe in experi- 
ment stations ; he was too indolent to find out what other people had 
learned before him, and too lazy to think. He was "void of under- 
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Btanding,'' and if there had been poorhonses and colleges in those 
days, he would quite as soon have seen his children go to one as the 
other. 

Doubtless my hearers have already divined my object in presenting 
this picture of thirty centuries ago. As I travel over this beautiful 
free country I see many fields — not all, thank Heaven — where thorns 
and nettles, or, more accurately speaking, thistles and daisies, rag- 
weed and dock, cover the face thereof. I pass no judgement, but 
leave it with you to say whether the people who own these once fer- 
tile fields are void of understanding ; whether they need an experi- 
ment station. We are a race of plant killers and sometimes so void 
of understanding are we, that we make room for the inferior by kill- 
ing the superior plants. Through countless ages all of nature's forces 
have toiled unceasingly to prepare an earthly habitation for man. 
First the bowels of the earth were filled with a wealth of useful pro- 
ducts, then the unending mighty forces began the work of preparing 
and adorning the surface of the globe. The little lichens and mosses, 
sent Iheir tiny rootlets into the frost- made crevices of the barren rocks 
and forced them to yield their treasures of plant food to larger and 
more useful vegetation. The rocks, too hard for the plants to break, 
were ground and pulverized by the icy millstones of the winter-king. 
The beetle, the microbe and the bacterium, attacked all life, both 
animal and vegetable, the moment the highest conditions of existence 
were not maintained, and they in turn, gave their lives to enrich the 
soil, in order that more complex life might be developed. The soil 
builders toiled on and on until the earth was filled .with fruitful vines 
and lofty trees, with tender grasses and vernal flowers. Myriads oj 
noble animals cropped the tender herbage and drank the sparkling 
waters wherein countless fishes laved their glistening sides. Happy 
birds sang and mated and reared their young in the overhanging 
branches. These and those that preceded them, all happy, busy 
builders, were all content to give up their lives at the appointed time 
in order that the earth might be richer. 

These forms used the same elements that man uses to maintain life. 
The particle of potash that the plant took from the rock to main- 
tain its life was not wasted or lost, simply made more useful. The 
worm lived upon the plant, used the same elements to maintain its 
life, then died and returned to the soil, all its elements improved in 
quality and not diminished in quantity. 

Now that the earth is fitted for the habitation of a nobler animal, 
man, the Lord of creation appears upon the scene. In one hand he 
bears the axe, in the other the fire brand. The old oaks, the product 
of centuries, shrink, tremble, and fall before the stroke of this intel- 
lectual animal. The tooth of time gnaws the gnarly, knotty oaks too 
slowly, and so the fize-brand is let loose and the work of destruction 
becomes complete. But provident nature has provided countless 
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hitherto dormant seeds which now spring into life, and the battle 
begins. Nature, on one side trying to reclothe the earth and repair 
the breach ; man, on the other, steadily advancing westwaid and up 
the steep mountain slopes to their summits, down over the river and 
through the valley and on and over till the axe has no more forest to 
conquer and the torch is quenched in the waters of the Pacific. 

This has been the battle of the ages. We are not to repine or com- 
plain because serious mistakes have been made by our ancestors ; 
rather remember their sterling virtues, give thanks for the rich inher- 
itance bequeathed to us and gird the loins of our understanding that 
we may intelligently battle with the questions of the. hour. 

How to profitably till the soil so that it may minister lo the higher 
as well as the lower wants of man ; how to improve quality ; how to 
increase productive power. These are the questions of the hour. 

Agriculture consists in taking from the soil such concentrated ele- 
ments of life as the world wants, and in replacing these elements with 
crude, cheap and waste products so skillfully that no serious diminu- 
tion of fertility shall occur. The man void of understanding cannot 
do this. Skill, training, knowledge and labor are all required, and 
where either is notably deficient, the land and worst of all the land 
owner sufi'er. We have lost our inheritance through ignorance and 
indolence. We do not have dominion. The drouth dries up the corn 
on the hillside, the floods devastate the wheat in the valley. The 
cold dehorns the cattle of the plains and bacteria destroy the unborn 
young of the dairy. The caterpillar and the canKer worm attack the 
leaf, the codling moth and the curculio the fruit, and the round- 
headed and the flat-headed and the larva with no head, the root and 
the branch. If we pluck a rose or a snow ball we are compelled to 
sympathise with Pharoah. Our best garment furnisher food for the 
moth; and all unwillingly, we feed the Anthrenua Scrofulariae on 
brussels and tapestry carpets. We toil and spin in summer's heat 
and winter's cold in order that we may have a surplus, and then with 
scarce a thought annually draw our check for twenty millions to pay 
the board bill of the cotton-worm ; while the proud State of Illinois 
pays two and three-eighth millions for the work of the codling moth ; and 
how many millions we annually pay for the board bills of the Hyme- 
noptera^ LBpidoptera^ Coleoptera^ Hemiptera^ Orthoptera and the 
Omnipresentoptera^ no man living can tell. 

The scepter has departed from our hand. Shall we make a united 
and intelligent efi'ort to gain dominion ? That we have lost dominion 
no one can deny ; for every day we go by the orchard of the man void 
of understanding, and lol the codling moth has taken snap judgment 
thereon ; and by the fields of the slothful man and wild carrots and 
stones cover the face thereof, and the owner thereof is broken down. 
Shall we consider it well and receive instruction ? Can we guide 
and control these energies which have been building through the 
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ages ? Oan we reslrain within limits the teeming life of ear(h and air ? 
<Jan we put our hand npon it and say thus far shalt thou come and no 
farther ; make room ; give place for a higher, a noble life ? 

Oan we enforce obedience to our command when we say to the dull 
clods of the earth, ^^ Yield up thy precious treasures, though thou 
hast refined them with fire and hidden them in thy secret chambers 
through ages?" 

A nation with one united voice has answered, " Tes 1 Yes ! " and be- 
fore the echo of the answer dies away we meet to inquire, " How ? " 
These stones and bricks will not answer. These beautiful fields 
and woods have kept their secrets through long ages ; they will not 
yield them willingly. These babbling, singing brooks say, " Our song 
is hard to learn I " All nature's forces proclaim, all life speaks and 
says, *• We were created by infinite wisdom and knowledge and we 
will not transgress the laws of our existence and yield up our secrets 
to the slothful and the ignorant. A power as great as that which 
created us must be possessed by him who would win our choicest 
treasures." That power is knowlege. 

If the secrets of the earth are to be revealed unto men, men must 
be God- like. 

Then the work of these stations devoted to searching out knowledge 
is to be good. It is not quantity but quality that we want. This sta- 
tion is to guard the people against fraud, adulteration and false bal- 
ances as well as to search out improved methods and new principles- 

This station is not to perform miracles but it is to do a gi eater work — 
reveal truth. It cannot make the careless read or heed, but it can 
help the man who is searching for the truth as for '^ hid " treasure. It 
cannot reveal all the secrets of the earth and air, but can give help 
and guidance to the inquiring mind. 

It cannot speak into existence matter, but it can create thought. 

We have prayed long and loud for the Gods to come down and help 
us and they have failed us; and now with hope that shall not be dis- 
appointed, and courage undaunted by adversity, we put our willing 
hands to the work of helping men, in order that they may recover 
their dominion of the earth. 
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TESTS. OF VARIETIES, 1888. 



WM. H. CALDWELL. 



Corn. 



An experihient was carried on daring the season of 1888 at this 
Station with a view to studying the adaptability of some varieties of 
field corn to this section, and also to make observations upon the 
yield of the corn plant at different stages of its growth. The land 
selected for the trial was old sod, which was laid off into plots each 
one- twentieth of an acre in area. No fertilizer was used. It was not 
the purpose to secure heavy yields, but rather to give each variety as 
equal a chance as possible under similar treatment. 

The following varieties were planted : 

For Ensilage or Fodder. 

Brock's Boston Market Ensilage. — " It is the result of careful selec- 
tion of seed to the end that a variety of corn might be obtained not 
to be grown for the crop of corn, but for the crop of green fodder." 

Blount's Prolific. — A half Dent variety, remarkably prolific. 

Dents. 

Chester County Mammoth. — On rich land in the southern part of 
Pennsylvania and southward is said to be one of the best varietits of 
yellow field corn. 

Golden Beauty. — Matures early and is very productive. 

Golden Dent. — Ripens early. Cobs short and slender. Kernels 
long and yellow. 

Mammoth White Surprise. — Especially adapted to Pennsylvania 
and south. 

Pride of the North. — A standard variety for the north, ripening 
with the Flints. 

Smedley. — A very productive, yellow Dent, maturng a little earlier 
than the Pride of the North. 

White Giant Normandy. — A large variety. 

Flints. 

Self- Husking. — One of the earliest field corns in existence. Has a 
dwarf habit. Ears are large with small cob and amber grain ; named 
from its inclination to strip itself clean of its husks. 

Thorburn's Golden Yellow. — Raised in the north. 

Tuscarora. — Large eight rowed white variety. 

The seed of Brock's Boston Market Ensilage, Golden Beauty (1627), 
and White Giant Normandy, were sent by the United States Depart- 
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ment of Agriculture. That of the Golden Beauty (1629), and Mam- 
moth White Surprise, was obtained of Peter Henderson & Co., New 
York city. J. M.* Thorburn & Oo. furnished that of Thorburn's Golden 
Yellow. That of the others was purchased of H. Sibley & Oo., Ro- 
chester, N. Y. 

With the exception of Thorburn's Golden Yellow, all germinated 
well. This variety was planted twice, and each time failed to appear 
above ground. A germination test* showed that only six per cent, 
of the seed sprouted. During the night of September 1, several of the 
varieties were somewhat injured by loose cattle which accounts for 

the incomplete results given them in the tables. 

« 

PLAN OF THE EXPERIMENTS. 

Samples for chemical analysis were taken at four different stages of 
growth : 

1. When fully tasselei 

2. Ears beginning to fill out. 

3. Kernels beginning to glaze. 

4. Fully ripe. 

The date of taking these samples was governed in each case by the 
development of the com, the samples of the several varieties being 
taken as nearly as possible at the same stage of growth. In the first 
stage one of the middle rows was cut close to the ground^ immedi- 
ately weighed, and run through the fodder cutter. It was then thor- 
oughly mixed and a sample selected from the various portions of the 
pile, care being taken to have it represent as nearly as possible the 
average of the whole. This was passed through a chopper in order 
to be in better condition for laboratory work. In each case the record 
of the number of hills in the row and their average height was taken. 
The outside row larthest from the row used for the first sample was 
taken in the second stage and treated in the same manner. The sam- 
ple of the third stage was handled in a similar way, the rows between 
those taken for the first two samples being used. The fourth or re- 
maining row was allowed to ripen, when it was cut and field cured. 
Its total weight was then taken, the ears husked, and the stover sep- 
arated into three parts, namely, leaves and husks, upper half of 
stalks, and lower half of stalks, and these weighed separately. Six 
average ears were taken as a sample of the com. Each portion of 
the stover was sampled in the manner previously spoken of. The 
chemical work was done by Messrs. Holter and Sweet ser, the Sta- 
tion's assistant chemists.' The analyses were delayed by other work 
and the lack of facilities, so that only the results of the dry matter 
determinations are used in this bulletin. 

♦Pennsylvania state College Agricultural Experiment Station.— Bulletin Num- 
bers 
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YIELD PER ACRE. 

In the following table will be found the yield of green material at 
the first three stages of growth mentioned and the total yield of field- 
cured material. The table shows the corrected and not actual yield 
per acre. A full row on each plot contained fifty hills. As some of 
the hills in many of the rows had been injured or failed to grow, fifty 
hills were taken as the unit, and it has been assumed that had the 
missing hills been present their yield would have been the same as 
the average of those which actually did grow. Thus if a row con- 
tained forty hills instead of fifty the actual yield observed has been 
increased by one- fourth in the table. While it is highly probable 
that this correction is somewhat too large, it is believed that the cor- 
rected results are nearer the truth than the actual yields, as the varia- 
tion in the number of hills was considerable. It is to be remem- 
bered, also, that the results in the table were really obtained on one- 
eightieth acre plots, and that, therefore, any error is multiplied by 
eighty. Consequently it is plain that there is a considerable possible 
error involved and that small differences of yield have no significance 
whatever. 

Corrected Yield Per Acre, 



station 
No. 



1751, 
1686, 



1690, 
16::7, 

1629, 

1689, 
1628, 
1687, 
1688, 
1624, 



1684, 
1685, 



Name. 



Ensilage or fodder, 
Breck*s Boston Market Ensilage, 
Blount's ProUfio, 

Dents, 
Chester County Mammoth, . . . 
Golden Beauty (U. 8. DepH of 

Agriculture), 

Golden Beauty (P. Henderson 

A Co.), 

Golden Dent, 

Mammoth White Surprise, 

Pride of the North, 

Smedley, 

White Giant Normandy, .... 

Flints, 

Self-Husking, 

Tuaoarora, 



Greek Material. 



Fully 
tas- 
sel ed. 



12,431 
20,740 



26,670 

19,020 

20.460 
21,300 
27,140 
14,290 
12,570 
18,400 



4,695 
11,400 



Ears 

begin- 
ning to 
fill 
out 



11,760 
33,000 



82,250 

28,000 

24,490 
26,670 
33,630 
15,550 
17,500 
20,000 

9,797 
19,120 



Ker- 
nels be- 

gin- 
ningto 
glaze. 



25,710 
28,800 



32,620 

29,210 

34,220 
30,950 
37,950 
18,120 
17,950 
25,420 



14,050 



Mature 
Field 
Cured. 



Ears. 



3,920 
4,076 



5,098 

5,272 

5,840 
4,690 
5,214 
8,200 
4,000 
3,575 



Stover. 



9,600 
9,846 



10,670 

10,000 

12,020 
10,590 
14,070 
5,134 
6,371 
7,787 



The larger and coarser varieties, as Mammoth White Surprise, Chester 
County Mammoth, and White Giant Normandy, failed to fully ripen 
the corn. Blount's Prolific and Breck's Boston Market Ensilage also 
failed to mature, but these are recommended by seedsmen especially 
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for ensilage. The firft three varietieB named might also be used for 
ensilage, although the stalks were very coarse and tough. The 
Self- Husking was the earliest variety, but gave the smallest yield. 
Of the other varieties the Golden Dent and Golden Beauty yielded 
better than the Smedley and Pride of the North. 

YIKLD OP DRY MATTER PER ACRE. 

Water is so readily supplied to the animal that practically it may 
be disregarded in estimating the nutritive value of a fodder; conse- 
quently a more accurate mode of comparison is one based upon the 
yield of dry matter per acre. By dry matter is meant that portion of 
the plant remaining after the water has been dried out at a temperature 
a little above that of boiling water. 

Corrected Yield per Acre — Dry Matter. 



station 
No. 



1761, 
1686, 



1690, 
1627, 

1629, 



1628, 
1687, 
1688, 
1624, 



1684, 
1685, 



Namr. 



JSnailage or Fodder. 
Breck'a Boeton Market Ensilage, 
Blount's Prolific, 

Dents, 
Cliester County Mammoth, . . 
Golden Beauty (U. 8. Dep't of 

Agriculture), 

Golden Beauty (P. Henderson <fe 

Ca) 

Golden Dent, 

Mammoth White Surprise, . . . 

Pride of the North, 

Smedley, 

White Giant Normandy, . . . , 

Flints. 

Self-Husking, 

Tuscarora, .... 



Fully 

tas- 

seled. 



1,561 
2,786 



3,892 

2,499 

2,846 
2,638 
8,275 
1,681 
1,297 
2,162 

408 
1,422 



Ears 
begin- 
ning 
to fill 
out. 



Ker- 
nels be- 
gin- 
ning to 
glaze. 



1,641 
6,289 



4,337 

8,950 

8,448 
3,825 
6,196 
2,213 
2,213 
2,764 



1,212 
2,343 



4,264 
4,696 

5,690 

4,619 

4,&36 
5,344 
7,230 
3,761 
3,761 
4,087 

2,048 



Mature. 



Ears. 



ptover. 



2,440 
2,310 



8,073 

2,835 

3,077 
2,529 
2,001 
2,195 
2,917 
2,176 



3,920 
4,363 



4,806 

3,850 

4,427 
4,&66 
5,871 

*4,'688 



It is found from the tables that while the percentage of water de- 
creases as the plants advance in growth, the absolute amount of water 
increases. There are three exceptions to this, but as they are in con- 
nection with irregularities in yield, the results may not be outside the 
limits of error. There was also a rapid increase of dry matter per acre 
as the plants approached maturity, in many instances the amount of 
dry matter in the mature stover alone being nearly equal to that of 
the total crop at any other period of growth. The following figures 
show the gain in dry matter per acre between the different stages 
of growth : 
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station 
No. 



1751, 
1686, 



1690, 
1627, 
1629, 
1689, 
1628, 
1687, 
1688, 
1624, 



Name. 



Ensilage or Fodder, 
Breok's Boston Market Ensilage, .... 
Blount's Prolific, 

Dentfi. 

Chester Conn ty Mammoth, 

Oolden Beauty (U. 8. Dep*t of Agriculture) , 
Golden Beauty (P. Henderson & Co.), . . 

Golden Dent, 

Mammoth White Surprise, 

Pride of the North, 

Smedley, 

White Giant Normandy, 

Average of all Dent varieties, . . 



Betwebn- 



Firstand 
second 
stage. 



80 
2,664 



945 

1.451 

597 

1,192 

2,920 

632 

916 

602 



907 



Second 

and third 

stage. 



2,623 
—606 



1,353 
669 
1,1P3 
1,519 
1.035 
1.548 
1,548 
1,273 



1,267 



Third 

and 

fourth 

stage. 



2,146 
2,982 



1,791 
2.066 
2.868 
1,751 
145 
8,568 
5,527 
2,777 



2,562 



The average of the Dent varieties given in the table presents a good 
illustration of the rate of increase of dry matter per acre during the 
different stages of growth. By allowing the plants to mature there is 
considerably less weight of water to be handled, in proportion to the 
amount of actual food material, than there would be if they were cut 
and used when the kernels begin to glaze. At the same time the 
amount of valuable material (dry matter) is much greater 

FIELD-CUKED MATERIAL. 

The row cut for field curing was allowed to stand in the shock up- 
wards of five weeks. The weather was quite unfavorable for proper 
uring. The corn was not in as good condition as it might have been 
had not the cold autumnal rains occurred at this time. The follow- 
ing table gives the results obtained : 
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Yield per Acre — Fourth Period — Field-cured Material. 



81 



station 
Na 



1761, . 

1680, . 

1090, . 

1627, . 

1629, . 

1689, . 



1687, 
1688, 
1624, 



Namb. 



Ensilaae or Fodder, 
Brock's Boston Market 

Ensilage, 

Blount's Prolific, .... 

Dents. 

Chester County Mam- 
moth, 

Golden Beautv (U. S. 
Dept of Agriculture,) 

Golden Beauty (P. Hen- 
derson A Co.,) .... 

Golden Dent, 

Mammoth White Sur- 
prise, 

Pride ot the North, . . . 

Smedley, 

White Giant Nor- 
mandy, 



EARa 



Com. 



* ^,0O4 
8,075 



4,007 

4,005 

4,545 
8,655 

8,620 
2,650 
8,290 

2,746 



Cob. 



966 
1,001 



1,091 

1,267 

1,295 
1,035 

1,594 
550 
710 

829 



Stover. 



Leaves 

and 
husks. 



4,440 
4,264 



4,866 

4,680 

4,702 
4,950 

5,404 



4,127 



Upper 
hifof 
stalks. 



920 
1,056 



1,040 

909 

1,409 
952 

1,762 



Lower 
half of 
stalks. 



4,240 
4,528 



6,274 

4,409 

5,909 
4,688 

6,904 



2,980 



Total. 



9,600 

9,848 



10,670 

10,000 

12,020 
10,590 

14,070 
5,184 
6,871 

7,787 



In this table is given the yield of the separated parts in the fourth 
period. In this separation the weights of the more valuable portions 
of the stover, as leaves, husks and upper half of stalks, is given in- 
dependently of the less valuable, and no doubt less nutritious por- 
tion, the lower half of stalks. It is impossible to give the separation 
of the Smedley and Pride of the North varieties. The total weight 
of the stover was obtained, but during separation circumstances pre- 
vented checking of results. 

In the next table is shown the yield of dry matter per acre at the 
fourth stage : 
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Yield of Dry Matter Per Acre — Fourth Period. 



station 
No. 



1751, . 

1686, . 

1690, . 

1627, . 

1629, . 



1628, 

1687, 
1688, 
1624, 



Name. 



Ensilatje or Fodder, 
Breck*8 Boston Market 

Ensilage, 

Blount's Prolific, .... 

Dents. 

Chester County Mam- 
moth, 

Golden Beauty (U. S. 
Dept of Agriculture, ) 

Golden Beauty (P. Hen- 
derson <fc Ca,) . . . . 

Golden Dent, 

Mammoth White Sur- 
prise, 

Pride of the North, . . . 

Smedley, 

White Giant Nor- 
mandy, 



Ears. 



Corn. 



1,860 
1,729 



2,417 

1,996 

2,884 
1,983 

1,374 
1,827 
2,411 

1,671 



Cob. 



580 
581 



656 

839 

693 
546 

630 
368 
506 

505 



Stovbr. 



Leaves 

and 
husks. 



2,426 
2,537 



2,502 

2,399 

2,408 
2,918 

2,946 



2,596 



Upper 
half of 
stalks. 



376 
458 



339 

625 
388 

600 



308 



Lower 
half of 
stalks. 



1,116 
1,368 



!,210 

1,112 

1,494 
1,260 

1,825 



1,734 



Total. 



3,920 
4,363 



4,308 

3,850 

4,427 
4,566 

5,871 



4,638 



In obtaining the yield of dry matter in the com and cob, it was as- 
sumed that in the preliminary drying each dried out equally. 

The proportion of the different parts as separated in this period is given 
in the following table, 100 representing the total yield of ears and stover. 

Proportion of Parts — Dry Matter. 





Namb. 


Ears. 


Stover. 




station 
Na 


Com 


Cob. 


Leaves 

and 
husks. 


hdf of 
stalks. 


Lower 
half of 
stalks. 


Total. 


1751, . 

1686, . 

1690, . 

1627, . 

1629, . 

1689, . 

1628, . 

1687, , 

1688, . 
1624, . 


Ensilage or Fodder. 
Breck's Boston Market 
Ensilage, .... 
Blouut*s Prolific, . . . 

Dents. 

Chester County Mam- 
moth, 

Golden Beauty (U. S. 
Department of Agri- 
culture), 

Golden Beauty (P. 
Henderson <fc Ca ), . 

Golden Dent, 

Mammoth White Sur- 
prise, 

Pride of the North,* . 

Smedley,* 

White Giant of Nor- 
mandy, 


29.2 
25.9 

32.7 

29.9 

31.8 
28.0 

18.6 
31.8 
31.7 

24.6 


9.1 

8.7 

8.9 

12.6 

9.2 
7.7 

8.6 
6.6 
6.9 

7.4 


38.2 
38.0 

83.9 

85.9 

33.1 
41.1 

39.9 
Stover. 

88.1 


6.0 
6.9 

8.1 

5.0 

6.0 
5.5 

8.1 
61.6 
61.4 

4.5 


17.5 
20.5 

16.4 

16.6 

19.9 
17.7 

24.8 
25.5 


88 8 8 88 888 8 



♦These per cents, were obtained bv using the yield of dry- matter per acre with 
two exceptions. As the per cent of dry matter was not determined in the Pride of 
the North and Smedlet^ varieties, owing to an error in the separation of the stover, 
the yield of field-cured material was taken and the per cent of com, cob and total 
stover calculated. 
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This season's work shows that for field crops such varieties as the 
Golden Beauty, Golden Dent, Smedley and Pride of the North are the 
best adapted for this and the northern sections of the State. The 
Chester County Mammoth, Mammoth White, Surprise and White Giant 
Normandy may be used successfully in the southern portion as a field 
crop. With us they did not mature, and could only be used for fod- 
der. The question of merit would then largely turn on the palatability 
of the stalks and their digestibility. The facilities of the station 
would not allow the determination of the latter. The stalks of the 
varieties named were very hard and tough, and not to be preferred to 
those of Breck's Boston Market Ensilage and Blount's Prolific, the 
stalks of which were in better condition for fodder. 

The following points may be given for guidance in the culture of 
the corn crop : 

Good seed, purchased of reliable dealers or judiciously selected from 
previous season's crop. 

Thorough plowing and pulverization of the ground. 

Not too close and heavy planting, as for success there is needed ex- 
posure to sunlight and air. 

Frequent cultivation and with as little manual labor as possible. 

Not too much haste in harvesting, as it is shown from the results of 
this season's experiments that if the crop is allowed to mature there 
will be a considerable gain in valuable material for feeding purposes. 
At the same time the economy of harvesting will be greater, as there 
is relatively less water handle. 

Remarks on the Fokbgoing Experiments. 

BY the director. 

It may be safely asserted that com is one of the most important, if 
not the most important, crop in our State. According to the census of 
1880, the production of corn and of wheat in Pennsylvania was as 
follows : 

Acres, Bushels, 

Corn, 1,373,270 45,821,531 

Wheat,.* 1,445,384 19,462,406 

The corn crop of the State, according to these figures, occupies 
almost as many acres, and produces nearly two and a half times as 
many bushels of grain as the wheat crop. Estimating com at forty- 
five cents per bushel and wheat at ninety cents, the above corn crop 
would be worth over $20,000,000, and the wheat crop about $17,500,000. 
If we assume the proportion of corn to stover in this crop to have 
been the same as in the Dent corns grown at this Station the past 
year, the crop of stover corresponding to the above yield of corn 
would be fuller 5,000,000 tons. This stover, as our experiments* have 
shown is a fodder of relatively high digestibility and value as com- 



♦ Annual Report, 1887, pp. 144-157. 

3a State Oolleob. 
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pared with the straw of wheat, if we consider it worth three dollars 
per ton, this gives us 116,000,000 for the crop of the State. It is to be 
noted also that the census figures give us no information as to amount 
of corn grown solely for forage. It would apper then that $35,000,000 
annually is a low estimate of the value of the com crop of this State. 
Corn, too, has a double importance, being valuable both as a grain 
crop and as a forage crop. Owing to the large yields of excellent for- 
age which it produces, it is very valuable in the latter respect to the 
cattle feeder, especially since the process of ensilage has been per- 
fected, and it is an important factor in solving the problem of cheap 
production of meat and dairy products. 

It consequently seemed desirable that the Station should make 
some study of the corn crop, especially of its value as a forage crop, 
both in the way of comparing varieties and of observing the vield 
and composition at different stages of maturity. The results reached 
in regard to the rate of growth of the crop in its later stages are 
worthy the careful attention of our farmers, especially since these 
results are entirely in accord with those of other investigators. 
Roberts, ♦ for example, has investigated one variety of Dent com at 
three periods of growth, bearing about the same relation to each other 
as the first three in our experiments. Galling the yield of dry matter 
per acre in the first period 100, the relative yieldein the latter periods 
in Prof. Roberts' experiments and in ours were as follows : 
Relative Yield of Dry Matter, 





First 
period. 


Seoond 
period. 


Third 
period. 


Fourth 
period. 


Roberts* experiments, 

Average of our experiments, 


100 
100 


202 
153 


361 
212 


' * 325 



It may be added as an interesting fact that in our experiments the 
relative yield of stover in the fourth period was represented by 206, 
or an amount nearly equal to the total crop of the third period. Many 
other experiments might be adduced, illustrating the rapid increase 
of dry matter per acre in the corn crop in its later stages of growth. 
Since, now, a considerable part of the peculiar value of corn lies in 
its large yields per acre, it is evident this value can be fully realized 
only when a variety is selected which will mature or at least nearly 
mature in the locality ; when the seeding is suflBciently thin to allow 
full access of light and air to the plants ; and when the crop is per- 
mitted to grow until well advanced toward maturity. It appears 
from our results that there is a considerable increase of dry matter 
after the time when corn is usually cut for ensilage or for fodder. 
How far this increase can be utilized in the case of com grown only 

♦Cornell University Experiment Station, First Report, p. 52. 
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for forage is an iinx>OTtant question, and one upon which further data 
are desirable. V^hen corn is grown for ensilage, a certain proportion 
of moisture seems to be necessary in order that the material shall 
pack properly in the silo and keep without molding. With our pre- 
sent knowledge it seems doubtful whether corn grown for ensilage 
should be allowed to stand much longer than until the kernels are 
beginning to glaze. When the corn fodder is to be field cured this 
consideration, of course, has no force. As the corn approaches full 
maturity, however, it is probable that its digestibility decreases, but 
the few figures, as yet available, indicate that this decrease may not 
be very rapid. Experiments at this Station have given the following 
results as to the digestibility of corn planted in drills at the rate of 
three bushels per acre and cut while still young, and on the other 
hand, for stover from fully matured field com : 

Dige8tihility» 



stover. 



Dry matter, 

Ash, 

Protein, 

Crude fiber, 

Nitrogen-free extract. 
Fat, 



While the stover is less digestible than the young fodder the diflFer- 
ence is not very great. Moreover, the figures for the stover repre- 
sent the digestibility of the stalks and leaves alone, and do not in- 
clude the grain. Had this been included it is altogether probable 
that the coefficients would have been considerably larger. It seems 
altogether probable, in view of these results, that thei decrease in 
digestibility between two of our periods was much less than the gain 
due to the rapid increase of total dry matter. 

The general conclusion to be drawn from our experiments, then, as 
to the proper time of harvesting corn is that it should be allowed to 
stand as long as the climate of the locality and the purpose in view 
will permit, since it is continually increasing in value per acre. 

Wueat. 
The number of varieties of wheat tested this season was six. They 
were sown in the fall of 1887 on ground receiving uniform 'treat- 
ment. The fertilizer used was 300 pounds per acre of a mixture com- 
posed of 1,800 i)ounds dissolved South Carolina rock and 200 pounds 
nitrate of soda. The seed of all the varieties originally came from 
the Department of Agricuture at Washington. That of Sibley's New 
Gtolden was received just prior to sowing; the others have been grown 
on Station farm for several years. 




Digitized by LjOOQIC 



36 Annual Report of the [No. 17, 

939. Sihley^s New Oolden is a light bearded amber wheat, obtained 
by crossing the Mediterranean and Olawson. It is recommended as a 
first grade wheat with fine milling qualities. 

The descriptions of the other five varieties given by the United 
States Department of Agriculture, and found in the report of this 
Station lor 1887, are as follows : 

948. Fulcaater : — " This hardy, prolific variety of wheat is believed 
to be a hybrid of two of our most celebrated, time-t€sted, hardy 
wheats, namely Fultz and Lancaster, as it has the straw, chafi and 
peculiar eight-row head of the Fultz, with the hardiness, long berry 
and beard of the Lancaster, really possessing all of the good qualities 
of both. This wheat has a stiff, white straw that will stand up well un- 
der almost any circumstances ; a white, bearded chaff" that clings to 
the grain, not shattering easily ; heads long and massive, filled with 
large, plump, flinty, long berry grains. It ripens from three to six 
days earlier than most other varieties, and the yield is said to be fully 
equal to that of the Fultz. The originator also claims for it superior 
milling qualities. This wheat was originated in the Cumberland and 
Shenandoah Valley region, one of the foremost winter wheat regions 
in the United States." 

9i6, RauVs Black ProUHc : — " This bearded, short, stiff-strawed; 
prolific, hardy variety, grown near the District of Columbia, resem- 
bles Diehl Mediterranean very closely ; it is believed, however, to be 
a new variety and may prove a valuable accession. It is, therefore, 
recommended for trial wherever the Fultz wheat has been success- 
fully grown." 

9^9. Oerman Emperor : — '' Imported from Germany by the grower, 
and thoroughly tested in north-western Ohio. It is a smooth wheat, 
having large compact heads, somewhat resembling the Clawson ; it is 
highly recommended as being exceptionally hardy, and well adapted 
for culture on low lands where the soil is ot a black and mucky char- 
acter. It tillers or ' stools' out remarkably, and 'the straw is long and 
strong and stands up well. It ripens early, and is said to yield from one- 
fourth to one-third more than other varieties in tfie same locality." 

9 47. McQhee^s White : — '' This is a hardy, early maturing variety, 
and worthy of general cultivation ; the straw is of medium length and 
strong ; the kernels are of medium size and the heads of good size, 
and generally perfect." 

946. Extra Early Oakley : — •' It is a beardless, hardy, prolific, stiffs 
strawed variety, and ripens from six to twelve days earlier than any 
any other variety in the same locality. The grain is of medium size 
and of amber color; a desirable accession." 

All the varieties made a good fall growth and wintered well. The 
Extra Early Oakley ripened first. Sibley's New Golden ripened last, 
and not for several days after the others. All had strong straw, the 
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average length being between four and four and three-fourth feet. 
The following table shows the yield per acre for 1887 and 1888 : 



Statiou 


Name of Variety. 


Number 

of years 

tried. 


Yield per 
Acre, '8& 


Weight 

pe^ 
busheL 


Yield per 
Acre, '87. 


num- 
ber. 


Grain. 
Bus. 


Straw. 
Lbs. 


Grain. 
Bus. 


Straw. 
Lbs. 


939 


Sibley's New Golden,. 

Fulcaster, 

RauVs Black Prolific, 
German Emperor. . . 
McGhee's White,. . . 
Extra Early Oakley, . 


1 
2 
2 
3 
3 
3 


20.00 
29.87 
27.58 
34.92 
28.20 
22.12 


1,526 
3,325 
2,850 
3,371 
2,432 
2,282 


1 

65 
63 
653 
64J 






948 
940 
949 
947 
945 


14.40 
19.30 
22.40 
16.50 
18.40 


2,259 
2,906 
3,730 
2,369 
2,900 



It will be seen from the table that the German Emperor has given 
best results both this and last season. Raub's Black Prolific stood 
next in point of yield last season, but this year was exceeded by the 
Fulcaster. The small yield of the latter last season was mainly due 
to the ravages of the fly. These three may be placed foremost on the 
list on account of the yield and general hardiness. The Extra Early 
Oakley matured both seasons earlier than any of the other varieties, 
but its small yield is objectionable. 

Oats. 

Six varieties of oats were sown, four of them on one-twentieth acre 
plots, the other two on smaller areas. The ground for all was treated 
alike, South Carolina ground rock being applied at the rate of two 
hundred pounds per acre. 

. White Victoria Oats : — Seed from College stock ; originally ■ 

from the Department of Agriculture, and first tested in 1886. A 
variety of potato oats; plume of good white color, and bright lustre ; 
quite heavy. As compared with the variety of potato oats commonly 
used here, it was six inches taller, had a stifferstem, a fuller and more 
compact head, and was three or four days ahead in maturity. 

169S, Japan Oats : — Seed received from H. Sibley & Co., Roches- 
ter, N. Y. ; described by them as "A new and entirely distinct variety 
of White Barley oats being perfected by us for several years past upon 
our Burr-Oaks farm at Sibley, Ills. Straw is very stout and strong ; 
berry, remarkably plump and full ; average yield in excess of that of 
any standard variety ever raised by us; average weight forty-three 
and one-half pounds per bushel, stroke measure. A strong recom- 
mendation in favor of this variety is that it is absolutely rust proof." 

1602, Wide Awake Oats : — Seed from H. Sibley & Co., Rochester, 
N. Y. This variety is recommended as having " Sufficiently firm and 
strong straw to prevent lodging of the luxuriant heads." 
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16S0, Henderadn^a Clydesdale Oats : — From Peter Henderson & 
Co., New York city. A variety of White oats, highly recommended 
for its extraordinary weight, earliness and productiveness. 

1600, Welcome Oats : — Seed sent by the Department of Agricul- 
ture. 

S66, Harris Oats : — Seed originally from the Department of Agri; 
culture ; claimed to be a rust proof, loose husked variety originally 
from Alabama. 

The varieties were all sown on April 23,1888, and germinated well. 
May 2, all had acquired a good start, the only noticeable diflFerence 
being in the thinness of stool of the Harris variety. The following 
table presents the data obtained during the season : 



Namb of Varibtt. 



White Victoria, 

JapaDf 

Wide Awake 

Henderson's Clydesdale, . 

Welcome, , 

Harris, 



Per 
cent- 
age 
firer- 
mln- 
atlon. 



84 
98 
94 
100 



Date of 
heading. 



June 22,. 
June 25,. 
June 26,. 
June 26,. 
June 22,. 
June 18,. 



Began to 
turn. 



Ripe. 



July 16, .. July2B. .. 
July 12,* I 

Aug. 8,.. 

July 25, . . 

July 25, .. 

July 14,.. 



July 16, .. 
July 10, .. 
July 5,.. 



H'ht. 



Ft. 
8 

f 

8 
8i 

2i 



Yield peb 
Acre. 



Orain 
bus. 


Straw 
lbs. 


W*t 


87.70 
41.54 
t48.61 
85.64 


1,640 
2,180 
1,680 
2,010 


Xbs. 
87 
89 
86 
89 






281 



* Quite well colored. t Orain exceeded straw in weight. 

The Japan and Wide Awake varieties matured and were cut at the 
same time, much earlier than the rest. The latter gave the best yield 
in grain, while the former yielded the most in straw, and the berries 
were plumper and better than those of any other variety. Hender- 
son's Clydesdale, though the grain proved heavy, a stroke bushel at 
the time of threshing weighing thirty-nine pounds, was not a large 
yielder, and the straw was weak, being badly broken at time of cut- 
ting. The straw of the White Victoria oats was strong, yet the variety 
did not give a heavy yield. The Welcome oats, aside from weak 
straw, is worthy of further trial. This season's experience with the 
Harris variety only confirms that of the past two seasons. " This 
variety matures much earlier than our native varieties, but because 
of its dark color, inferior lustre and large proportion of husk, it is not 
to be preferred."* " This variety ripened nearly a week before the 
variety of potato oats commonly used here. At the time of harvest- 
ing, the height was three and one-third feet. It was quite limber and 
of small diameter. The heads were loose and of medium length ; 
weight of 100 kernels was 2.43 grams ; the weight of a struck bushel 
was twenty-eight and one-half pounds. As remarked in previous re- 
ports, it is, owing to its inferior weight, color and lustre, not of such 
character as to supplant the varieties now in use in Pennsylvania."f 

* Pa. state College Agr. Exp. Station ; Report for 1886. 

t Pa. State College Agr. Exp. Station ; Report for 1887, page 19. 
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Bablet. 

Seed of two varieties was obtained from H. Sibley & Co., Roches- 
ter, N. Y. 

1694. Hulless or Nepaul variety was sown broadcast, April 23, on 
a one-twentieth acre plot, which had received as fertilizer South 
Carolina ground rock at the rate of 200 pounds per acre. Seven days 
later the plants began to appear above ground, and in nine days from 
time of planting were well up. The germinative power as shown in 
germination tests, as reported in Bulletin No. 4, of this Station, was 
ninety-eight per ceut. June 18 quite a number of heads were noticed. 
At time of cutting, July 13, the length of straw was two feet four 
inches. The straw was well colored and gave every appearance of 
ripeness, but it was found that the kernels were quite full of moisture. 
The heads were medium sized and well filled out with large kernels. 
The straw was weak and much of the plot had been broken by the 
wind and rain. The yield, as compared with that of the other variety 
grown, will be found in the table below. 

18H, Manshury Barley, — An equal amount of seed was sown in 
the same manner and under similar conditions as with the above 
variety, but about a week later on account of delay in securing the 
seed. Though not sown until after the Nepaul, there was only a few 
days difference in the ripening of the two and this variety was in much 
better condition when cut. The straw was from four to eight inches 
longer and much stronger, and the yield was larger. It proved in 
this season's trial superior to the Nepaul. The only advantage gained 
by the latter was in the absence of hulls and beards. An interesting 
account of this variety is given in the first report of the Wisconsin 
Agricultural Experiment Station, it having been first introduced into 
the State from Germany, whither it was brought by a scientific 
traveler from the mountains of eastern Asia (Mandschurey), in 1859. 
On pages 18, 19 and 20 of above report, letters are published from H. 
Qrunow, Esq., Mifflin, Iowa county. Wis., whose farm was the first 
for the dissemination of the seed in this country. The Wisconsin 
University Farm proved the second and the United States Department 
of Agriculture the third. The following extracts regarding the history 
of this variety are taken from the first report of the Agricultural 
Experiment Station of the University of Wisconsin. 

" In answer to your request of January 3 about Mandschurey bar- 
ley, I can state that while in Germany, irf the spring of 1861, Ferdi- 
nand Duehlke, of Erfurt, at present directorof the Agricultural School 
at Pottsdara, and gardener to the Emperor at Sans Souci, advised me 
to try a variety of barley which a scientific traveler had found in the 
mountainous parts of eastern Asia (Mandschurey), about 1859, and 
which had proved on trial to exceed the crop of any other variety, 
and to be number one for brewing purposes. In the first year of my 
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experiment, with about two pounds of the seed, it excelled all varie- 
ties I had before seen in formation of roots, stems, leaves and ears, 
but the cattle from a neighbor's broke through the fence and destroyed 
the crop. The next year I found not a few of the plants that had 
been trampled, growing vigorously among grass and weeds as a proof 
of its hardiness, and concluded to send for seed again to compare it 
with the other kinds recommended for soils similar to ours, the two- 
rowed and six-rowed varieties /rom Peru, the Berbery, from Nepaul, 
Australia, Spain, Denmark, England, the Chevalier, etc., more than 
a dozen sorts, of which only the Mandschurey and Victoria proved 
worthy of cultivation. From one pound of seed of each I raised one 
and one-half bushels of Mandschurey, one bushel of Victoria (both 
six-rowed) and a peck or less of the rest. The Victoria was more 
white with a silvery shine, the Mandschurey darker, with olive or 
walnut green pigment. Two years later I sent a sample to your uni- 
versity, I advertised the merits in one or two papers, and farmers from 
neighboring towns and counties commenced to sow it exclusively. 
Maltsters declared it superior for malt, but merchants and brewers 
found it in their interest, at the expense of the farmers, to depreciate 
for stained color, which induced farmers to cut it before the natural 
color is developed, and causes loss in weight and price, and maybe 
degeneration. This is the history of Mandschurey barley so far as my 
experience goes." 

The name of this variety has been spelled in many different ways. 
Prof. Daniells, of the Wisconsin University, spells it Manshury ; the 
Agricultural Department has it Mensury, while Dr. Qrunow writes it 
Mandschurey. A letter to Dr. Grunow upon this matter brought the 
following reply : 

"In answer to yours, I can say that the barley was first introduced 
into Germany, and recommended under the name Mandschurei, or 
Mandschurey, from the country where it was found (the northwestern 
part of the Chinese Empire). In German geographies and maps, it 
is spelled Mandschurei (or ey), or called Amurland, or Tungusien. 
In German it would not be incorrect to use Mandschurey or ei, and 
omit the d. If 1 erroneously use Mandshury or Manshury, 1 thought 
it was the English expression for Manschoor." 

" It would seem best to hold to the name used by Prof. Daniells 
and under which most of the barley has been distributed, viz : Man- 
shury." 

The following table shows the yield per acre of each variety : 



Station 
No. 



1694 

1814 



Grain 
bu. 



Nepaul, . . 
Manshury, 



20.00 
30.63 



Straw 
lbs. 



1,210 
1,730 



Weight of 
bushel. 



62.00* 
51.25 



*Scant bushel. 
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The Nepaul had the heaviest grain, but did not produce as many 
bushels per acre as the Manshury. 

Potatoes. 

The following varieties were grown during the season : 

Thorbum, — A seedling of the Beauty of Hebron. 

Vanguard. — A very early variety. 

College White, — ^The variety in general use in the College and 
Station farms. 

Monroe County Prize. — Spoken of as a heavy yielder and good 
keeper. 

Early Ohio. — Recommended on account of earliness rather than 
yield. 

Early Beauty to Hebron. — A popular variety. 

Dakota Red. — Said to thrive on both heavy and light soils, and 
very productive. 

The seed of the College White variety was obtained from the stock 
on hand ; that of the Thorbum from J. M. Thorburn & Co., New 
York city ; of the Vanguard from Peter Henderson & Co., New York 
city ; of the others from Hiram Sibley & Co., Rochester, New York. 
In each case one peck was used, and tubers were cut to single eyes 
and planted at the same time in rows three feet apart on plots re- 
ceiving the same treatment. 

The Vanguard and College White were the last to blossom. The 
Early Ohio and Early Beauty of Hebron ripened first and about the 
same time. The Vanguard ripened early but gave a poor yield. 
These were followed by the Thorburn, Dakota Red and Monroe 
County Prize. The College White was the last to ripen. 



Station 
No. 



1696 
1696 
1697 



Name. 



Thorbum, 

Vanguard, 

College White, 

Monroe County Prize, . . 

Early Ohio, 

Early Beauty of Hebron, 
Dakota Red, 



Yield per Acre, Bush. 



Small. Large. TotaL 



7.00 

2.66 

14.00 

8.00 



21.16 
13.66 



66.66 
21.82 
139.83 
125.33 



77.00 
98.66 



73.66 
21.32 
163.83 
133.33 
76.66 
98.16 
112.32 



Proportion 

small to 

large. 



1: 9.5 
1:7 
1:10 
1:15.7 



1: 3.2 
1: 7.2 



In no case did the yield equal that of the variety usually grown on 
the College and Station farm— the College White— which gave smooth 
tubers of fair size, with eyes of medium depth. In point of yield, 
the Monroe County Prize stood next. This variety had a much 
smaller proportion of small or unmerchantable potatoes than any of 
the others. The potatoes were of good size with shallow eyes, but 
somewhat rough and irregular in outline. The objections to the Da- 
kota Red variety, which stood third in yield, were the large propor- 
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tion of small tubers and deep eyes. The merchantable potatoes were 
large, red and smooth, but with deep eyes. Of the two earliest va- 
rieties, the Beauty of Hebron made the largest yield, but the tubers 
were irregular, medium sized, with deep eyes, and this variety had 
the largest proportion of small tubers of any grown. By accident, 
some tubers of the other early variety — the Early Ohio — were removed 
before the time of sorting, and the proportion of small to large could 
not be accurately obtained. It was, however, less than with the other 
variety. The tubers were smooth and with shallow eyes, but much 
smaller than those of the Beauty of Hebron. The Thorburn this sea- 
son proved a small yielder and with deep eyes. The proportion of 
small to merchantable tubers was also quite large. The variety which 
gave the smallest yield was the Vanguard. The tubers of this va- 
riety were, however, of medium size with shallow eyes. 

From determinations of the percentage of water in the diflFerent 
varieties, made by the station's assistant chemists, Messrs. Holter and 
Sweetser, has been calculated the amount of dry matter (that is, mat- 
ter other than water) produced per acre in the total crop and in the 
nierchantable tubers. 



station 
number. 



1605 
1606 
1007 
1606 



Name. 



Thorburn, 

Vanguard, 

College White, 

Monroe County Prize, . . . 

Early Ohio 

Early Beauty of Hebron, 
DakotaKed, 



TlBIiD PEB Agbb. 



Mer- 
ohant- 

able 
tuberR. 



LhB, 
4,000 
1,120 
8,300 
7,530 



4,620 
5,020 



Total 
crop. 



Lhs. 
4,420 
1,280 
0,280 
8,000 
4,600 
5,800 
6,740 



Per 
cent of 

dry 
matter. 



20.80 
10.46 
10.85 
18.82 
10.28 
10.64 
17.61 



YiEiJ> OF Dry B£attibr 
PER Acre. 



Merchant- 
able. 



Lhg. 

885.60 

217.05 

1,685.42 

1,415.26 



003.37 
1,042.51 



Total crop. 



Lh8. 

028.34 

240.00 

1,882.16 

1,505.60 

886.88 

1,146.06 

1,186.01 



Although the amount of dry matter produced per acre is a more 
accurate basis of comparison, it is found in this case that the relative 
yield of the varieties is but slightly changed when this is made the 
basis of comparison and the order of merit as regards productiveness 
is affected in but one instance. The Early Ohio ranks fifth in yield 
of fresh tubers and sixth in amount of dry matter produced per acre, 
exchanging places with the Thorburn. 

In addition three seedlings were planted : 

1631. Rural New Yorker. 

1818. Mooer's Dakota Seedling. 

1826. Ross' Favorite. 

Each of the above was sent in such small quantity as not to permit 
the obtaining of any data as to yield. Those of the first two named 
were divided and plants started in the propagating pit. The last was 
planted in the field. 
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The Rural New Yorker was received from J. M. Thorbum & Co., 
seedsmen, New York city, with the following description : "A new 
seedling medium early potato of unsurpassed beauty, remarkably fine 
quality, and wonderful yield." The tubers grown were of a very light 
color, of medium size, smooth, even, and with shallow eyes, a fine 
variety and worthy of more extended trial. 

Mooer's Dakota Red Seedling originated in Dakota and bears the name 
of its originator, Mr. J. Mooer, Steele county, Dakota. Tubers re- 
ceived by the station were from J. A. Everitt & Co., seedsmen, Indian- 
apolis, Ind. It yielded well, producing medium-sized, smooth tubers 
with shallow eyes, dark red skin, light colored pulp and very few 
small ones. A variety of some promise, and will be tried the coming 
season. 

Ro8S^ Favorite, — Sent by M. Murray, Centre, Ohio, it having origi- 
nated with a friend of his by the name of Ross. Yielded smooth, red, 
shallow-eyed tubers. It blossomed early, but did not ripen as soon as 
the other two beedlings. Very large proportion of small tubers and 
some rot noticed. 

FoEAGE Crops. 

The following forage crops were grown during the season. From 
results obtained, three seem to merit further trial. Another season it 
is hoped to include them in systematic experiments on a larger scale, 
in which a comparison of them will be made with the soiling crops 
now successfully grown here, viz : com, clover and rye. 

1816, Prickly Comfrey. — A plant that has not as a general thing been 
grown successfully for forage purposes in this country. Dr. Henry 
Foster, of Clifton Springs, N. Y., and some Wisconsin dairymen, have 
found it both economical and desirable. Dr. Foster's experience is cited 
in the sixth annual report of the New York State Agricultural Experi- 
ment Station, where are published letters from him to the chemist, 
Mr. Ladd. In one he informed Mr. Ladd that ^'he secured five crops 
each season, and that he expected the produce from these five crops 
would furnish one-half of the fodder, other than the grain, for his 
herd of fifty cows from May until October. He was then feeding 
two rations per day of com ensilage and two of comfrey, with mixed 
grain." 

" We have beenjusing comfrey five years and we think more of its 
value this year than in the previous years. We are now cutting the 
fifth crop grown this season. My foreman says it will average ten 
tons to the acre for each crop, making fifty tons to the acre for the 
season. Of course, to get such an enormous yield, it must be 
thoroughly cultivated between each cutting and top dressing. We use 
for dressing nothing but stable manure, put on immediately after cut- 
ting, before cultivating. We have no forage plant that compares with 
it in producing quantity and quality of milk." 
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Ten roots were obtained last spring from Hiram Sibley & Co., 
Rochester, N. Y. They were set out in rows three feet apart, and 
from one to one and one-half feet in the row. The growth was cut 
three times during the season, and the computed yield per acre was 
eight and one-fourth tons of green fodder. It should be taken into 
consideration in this trial that the plants were young and not fully es- 
tablished, and a heavier yield may reasonably be expected another 
season. The plants grew well, notwithstanding rough handling at time 
of cutting, and if they prove hardy the crop may find a place on our 
list of forage crops in the State. 

16£^ and 162S ; KaMr Com.— A variety of sorghum cultivated for 
both forage and grain. Seed was obtained from Peter Henderson & 
Co., New York city, and from the United States Department of Agri- 
culture, and showed germinative power of ninty-one to ninety-two per 
cent. It was sown in drills May 16, 1888, and appeared above 
ground June 7. During the season a growth of five and one-half feet 
was made and the yield was at the rate of five and one-half tons oi 
green fodder per acre. Though the stalks had become very hard it 
was relished by the cattle. No diff'erence was noticed in the growth 
from the two lots of seed. 

Cow Pea : — Some seed of the Black Eye variety was secured of D. 
Landreth & Sons, Philadelphia, and sown in drills three and one-half 
feet apart, the 19th of June. Six days later the plants appeared 
above ground and on the 11th of July had commenced to branch. 
September 29 and October 1 and 2 the growth was cut for fodder. 
Some few podff had formed, but none had filled out. It was sown this 
season on a vacant plot, and simply to make observations on its 
growth. Although the yield was light (seven and one-fourth tons of 
green fodder per acre), it seems probable that when grown on land 
especially prepared for soiling purposes a profitable yield may be ob- 
tained. 

1606, Teosinte {Euohloena luxuriena) : — Seed from the United 
States Department of Agriculture. The plant is described by it as fol- 
lows : " A luxurant forage plant which has not yet become sufficient 
acclimated to produce seed north of Florida, or the thirty-first degree 
of latitude. An annual crop of green or dry fodder or ensilage can 
be grown as far north as the fifty-first parallel. Stock of all kinds are 
exceedingly found of it, either green or cured." In germination tests 
only sixty-two per cent, of this seed sprouted,and upon being sown upon 
tlie plot, only two or three hills came up, and these amounted to 
nothing. The failure is attributed to poor seed. 

1700. White Mustard : — Seed was obtained from Hiram Sibley & 
Co., Rochester, N. Y., and sowed as a forage crop. In the germination 
test of the Station, reported in bulletin No. 4, ninety-five per cent, of 
this seed sprouted. It was sown May 3, in rows one foot apart, on a plot 
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receiving South Oarolina ground rock at the rate of 300 pounds per 
acre. May 9, the plants showed above the ground and on June 14 were 
cut. At time of cutting it was in full bloom and some seeds had com- 
menced to form. None of the plants sent up shoots, after the cutting. 
This, combined with smallness of yield, scarce a ton per acre, would 
not recommend it for forage purposes. 

162S. Brazilian or Flaur Com: — Seed from the United State De- 
partment of Agriculture, planted May 16, 1888, in hills three by three 
and one-half feet. Germinative power eighty-four per cent. Was very 
prolific of ears and made a growth of seven feet during the season, 
but did not mature before frost came, October 18. Only in a few cases 
were the kernels commencing to glaze. 

Samples of the White Mustard, Prickley Oomfrey and Kaffir corn 
were taken at the time the crops were cut, and were subsequently 
subjected to chemical analysis. The following table shows the com- 
position of the plants in the green state. No analysis was made of 
the Cow pea, and the figures in the table show the average composi- 
tion of this crop as found by other analyses : 

Composition of Oreen Forage Plants. 



sta- 
tion 
num- 
ber. 



1971 
2011 

2027 

2806 

2309 



Name. 



White Mustard, . . . . 
Prickley Comfrey, Ist 

cutting, 

Prickley Comfrey, 2d 

cutting, 

Prickley Comfrey. 3d 

cutting, 

Kaffir Corn, 

Cow Pea* 



Moist- 
ure. 



Fat 



84.19 

89.18 

87.49 

86.65 
76.13 
84.07 



.51 

.26 

.25 

.27 
.78 
.60 



Crude 
fiber. 



2.04 

1.13 

• 

1.19 

1.25 
6.16 
3.48 



Nitro- 
gen- 
free 
ex- 
tract 



4.84 

3.68 

3.72 

5.91 

11.96 

6.90 



Pr#- 

tien. 



4.34 
2.43 
2.59 



Ash. 



2.25 
1.52 
1.57 



1.92 ! 1.76 
3.22 1 1.75 
3.12 1.83 



Sand. 



1.83 
1.80 
8.19 
2.24 



*Averaffe oompoeitioii. Report Connectiout Agricultural Experiment Station, 1887, pa^ 184 

From the figures of the above table and the total yield, we may 
compute the number of pounds of each constituent of the crop pro- 
duced per acre, as has been done in the table below : 
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Water, 

Fat, 

Crude fiber, 

Nitrogen-free extract, 

Protien, 

Ash, 

Sand, 



Total yield. 



2,000 



White 


Prickley 


Mustard. 


Comfrey.* 


1,684 


14.483 


10 


43 


41 


196 


97 


738 


86 


881 


45 


266 


37 


898 



16,500 



Kaffir 



8,374 

86 

678 

1,316 
354 
193 



11,000 



Cow Pea. 



12,190 

87 

504 

1,000 

458 

266 



14,500 



^Computed from ayearge oompoeltioii of the three samples. 

It is not, however, the total yield per acre of a crop but the amount 
of digestible material which it contains which determines its value as 
a cattle food. Neither the quantity of material produced on these 
small plots nor the means of the Station permitted a determination 
of the digestibility of these crops. We may, however, make an ap- 
proximate calculation of the product of digestible material per acre 
by using the results of digestion experiments made elsewhere upon 
similar ma^terial. The following are the coeflBicients of digestibility 
used in this calculation. Those for the Prickley Comfrey are from 
experiments made in Germany. Those for the Kaffir corn are coeffi- 
cients obtained for ordinary fodder corn in digestion experiments at 
this Station. Those for the Cow Pea are the coefficients given by 
Wolff for green clover, no digestion experiments having yet been 
made upon the Cow Pea. In the case of White Mustard, likewise, no 
digestion experiments have been reported either upon this particular 
crop or any other very similar to it, so that in view of the evident 
unimportance of the crop under our circumstances, it seems safest 
not to attempt any calculations of the yield of digestible matter in 
this case. 

Qreen Forage Plants — Coefficients of digestibility {per cent). 



Fat, 

Crude fiber, 

Nitrogen-free extract, 
Protein, 



White 
Mustard. 



None. 
None. 
None. 
None. 



Prickly 
Comfrey.* 



71 
18 
85 
58 



Kaffir 
Corn-t 



40 
75 
71 

78 



Cow Pea. X 



49 
69 
62 



• Mentzel uud v. Lenirerke's Landw. Kalender, 1888. 

t Obtained by this station with fodder com. See following pages. 

X WoliTs ooefflclenta of digestibility of " Green Clover and Clover Hay.'' 

The next table shows, upon the basis of the above figures, the yield 
per acre of total digestible organic matter and of its several constitu- 
ents per acre. Any further comment upon these results or comparison 
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of these crops with others is withheld until we can give the results of 
further, experiments undertaken under more favorable conditions. 

Yield of Digestible Material — Pounds per acre. 



Fat, 

Crude fiber, 

Nitroffen-free extract, 

Protein, 

Total digestible organic matter, 



Prickly 
Comfrey. 



30.5 

85.8 

623.1 

221.0 



909.9 



Kaffir 
Com. 



34.2 

83.2 

907.8 

119.4 



1,094.6 



Cow Pea. 



53.9 
247.0 
690.0 
280.9 



1,271.8 



FEEDING STANDARDS AND COMPOSITION OF FEEDING 

STUFFS. 

BY H. P. ARMSBY. 

As explanatory of some of the terms used in subsequent papers upon 
feeding experiments, and for the general information of the farmers 
of the State, it has been thought well to insert in the present report a 
brief explanation of some of the fundamental principles of fodder 
analysis and cattle feeding. 

The body of an animal consists mainly of four classes of substances, 
viz : 

1. Water; which makes up from 40 to 60 per cent, of the weight of 
the live animal, and is just as essential a part of its tissues as any 
other ingredient. 

2. Ash, or mineral matters ; amounting to from 2 to 5 per cent, of 
the weight and constituting a considerable proportion of the bones 
and a smaller proportion of the soft tissues. 

3. Fat ; varying greatly in amount according to the condition of the 
animal, but seldom falling below 6 per cent, or rising above 30 per 
cent. 

4. Protein ; a name given to an important group of substances, of 
which washed lean meat or the white of egg may be taken as the type. 
They all contain about 16 per cent, of the element nitrogen, which is 
entirely lacking in the three other groups, and are remarkably alike 
in their general properties. The organic part of the bones, the liga- 
ments and muscles which bind together and move the bones, the skin, 
the internal organs, the brain and nerves, in short, all the working 
machinery of the body, are composed very largely of portein. Con- 
sequently this group of substances is of great importance, and a due 
supply of it in the food, particularly to growing animals, ie indis- 
pensable. 
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The following table shows more in detail the average chemical 
composition of different animals, in different stages of fatness. 







Average Composition of Live Animal, 










Ox. 


Calf. 
64.6 


1 
Sheep. 


SWIWB. 




1 


•.4 


1 


J 


t 




1 


fe Very fat. 


t 

i 


1 


Water, . 


66.2 


50.0 


49.5 


67.6 


68.2 


58.9 


dad 


\ 57.9 


48.9 


Ash, . . 


5.9 


5.2 


4.4 


4.8 


4.0 


8.9 


3.8 


8.8 


8.1 


2.9 


1.9 


Fat, . . 


8.7 


17.5 


80.5 


14.1 


10.2 


16.5 


21.8 


81.9 


41.4, 


24J3 


42.8 


Protein, 


19J8 


18.8 


15.6 


16.5 


18.3 


17.4 


16.0 


13.9 


12.2 


15.0 


11.9 




100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 



In the food of the animal, we find the same four groups of sub- 
stances which we do in the body of the animal, viz : water, ash, fat 
and protein, and in addition large quantities of a class of bodies 
called carbhydrates. Starch, sugar and woody fibre are the common- 
est representatives of this class. They contain no nitrogen, are all 
digestible to a greater or less extent, and, with the exception of woody 
fiber, very readily and completely so. 

What purpose, now, do these ingredients of the food serve in the 
animal economy? To simplify matters, we may leave out of account 
the water and ash. The chief supply of water to the animal is in its 
drink, and we do not employ fodder for the sake of its water. The 
ash is essential to the well-being of the animal, but any reasonably 
guflicient ration will abundantly supply the small amount required by 
the body. There remain to be considered tbe protein, fat and carb- 
hydrates. The protein of its food is used by the animal to supply the 
wear and tear of its working machinery, which, as above stated, is 
largely composed of this substance ; to supply the material for growth 
in the case of young animals ; for the production of wool in sheep, 
and for the casein of the milk in milking animals. For these purposes 
it is absolutely indispensable. No other substance can be worked 
over into protein by the body. The amount of protein which the 
ration must contain will vary with the kind of animal and the purpose 
for which it is fed, but a certain minimum amount is always necessary. 

The fat and carbhydrates of the food serve two purposes in the 
animal economy. First, they are burned as fuel to keep the animal 
warm, and to supply the force necessary for its internal and external 
motions. For this purpose a pound of fat is about Q.2 times as valu- 
able as a pound of carbhydrates. Second, the carbhydrates and fat 
serve as sources of fat. Their relative value in this respect has not 
been determined, but it is not improbable that it is about the same as 
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for the production of heat. Finally, when more protien is fed than is 
needed for growth and repair, this also is utilized as fuel or as fat 
forming material. For fuel it is worth about 1.1 times as much as the 
carbhydrates, as a fat producer less than six-tenttis as much. An un- 
necessary use of protien for fuel or fattening, however, is not usually 
economical, because it is commonly the most expensive ingredient of 
the food to produce or buy. 

In view of these considerations, it is plain that, in feeding for dif- 
ferent purposes, different amounts and proportions of digestible pro- 
tein, carbhyrates and fat will be required in the ration. The attempt 
has been made to formulate, in what are called feeding standards, the 
requirements of various kinds of animals in this respect, and Wolff's 
standards in particular have been widely circulated in this country, 
and have been the subject of no little discussion. They are as fol- 
lows : 

FEEDING STANDARDS. 
A,^Per Day and per 1^000 lbs. Live Weight. 



Q CO 



Nutritive 

(dlffeatlble) 

substanoes. 






> 

S 

H 



i 



55 



1. Oxen at rest in stall 

2. Wool sheep, ooarser breeds 

Wool sheep, finer breeds 

3. Oxeu moderately worked 

Oxen heavily worked 

4. Horses moderately worked 

Horses heavily worked 

5. Milk cows 

tf. Fattening oxen, Ist period 

Fattening oxen, 2d period. 

Fattening oxen, 8d period 

7. Fattening sheep, 1st period 

Fattening sheep, 2d period ; 

3. Fattening swine, 1st period 

Fattening swine, 2d period > 

Fattening swine, 3d period. 

9. Growing cattle : 

Average live weighU 

Age^ Months. per head. 

2-3 , IfiOlbs 

3-6 aOOIbs 

6-12 fiOOlbs 

12-18 700 lbs 

18-24 8501b8 

10. Growing sheep : 

5-6 561b8 

6-8 671b8 

3-11 751bs 

11-15 821b8 

15-20 861bs 

11. Growing fat pigs : 

2-3 BOlbs 

3-6 lOOlbs 

6-6 1251bs 

fr-8 1701b8 

3-12 2501bs 



Iba, 
17.6 
20.0 
22.5 
24.0 
26.0 
22.5 
25.5 
24.0 
27.0 
26.0 
25.0 
26.0 
26.0 

86.0 
31.0 
28.5 



22.0 
23.4 
24.0 
24.0 
24.0 

28.0 
25.0 
28.0 
22.5 
22.0 

42.0 
34.0 
31.5 
27.0 
21.0 



m. 

0.7 
1.2 
1.5 
1.6 
2.4 
1.8 
2.8 
2.5 
2.5 
3.0 
2.7 
3.0 
8.5 

5.0 
4.0 
2.7 



4.0 
3.2 
S.5 
2.0 
1.6 

3.2 
2.7 
2.1 
1.7 
1.4 

7.5 
5.0 
4.3 
3.4 
2.5 



12)8. 
8.0 

ia3 

U.4 
11.3 
13.2 
11.2 
13.4 
12.5 
15.0 
14.8 
14.8 
15.2 
14.4 



We. 
0.15 
0.20 
0.25 
0.30 
0.50 
0.60 
O.bO 
0.40 
0.50 
0.70 
0.60 
0.50 
0.60 



27.5 
24.0 
17.5 



13.8 
13.5 
13.5 
13.0 
12.0 

15.6 
18.8 
11.4 
10.9 
10.4 



2.0 
1.0 
0.6 
0.4 
0.8 

0.8 
0.6 
0.5 
0.4 
0.8 



80.0 
25.0 
23.7 
20.4 
16.2 



Ibe. 
8.85 
11.70 
18.15 
18.20 
16.10 
18.60 
17.00 
15.40 
18.00 
18.50 
18.10 
18.70 
18.50 

82.90 
28.00 
20.20 



19.8 
17.7 
16.6 
15.4 
13.9 

19.6 
16.6 
14.0 
18.0 
12.1 

87.5 
80.0 
28.0 
23.8 
18.7 



12)8. 

1:12. 

1:9. 

1:8. 

1:7.5 

1:6. 

1:7.0 

1:5.5 

1:5.4 

1:6.5 

1:5.5 

1:6.0 

1:5.5 

1:4.5 

1 :5.5 
1:6.0 
1:6.6 



1:4.7 
1:5.0 
1:6.0 
1:7.0 
1:8.0 

1:5.5 
1:5.5 
1:6.0 
1:7.0 
1:8.0 

1:4.0 
1:5.0 
1 : 5.5 
1:6.0 
1:6.5 
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Growing cattle : 

Agt^ Months, 

8-6 

6—12 

1:^18 

1&-24 

Growing sheep : 

5—6 

6-8 

8-11 
11-15 
1&-20 
Growing fat swino : 

2-3 

3-5 

5-6 

«^-8 
8-12 



Average live weight, 
per head. 

150 lbs 

800 ib8 

50011)6. 

700 lbs. 

8501ba. 

5611)8. 

6711)6 

75 lbs. 

821bs 

851bs. 

501b8. 

lOOlbs. 

1251b8. 

170 lbs 

260 lbs 



II 



We. 



7.0 
12.0 
16.8 
20.4 

1.6 
1.7 
1.7 
1.8 
1.9 

2.1 
8.4 
8.9 
4.6 
6.2 



Nutritive 
(digestible) 
substances. 



0.6 
1.0 
1.8 
1.4 
1.4 

0.18 
0.17 
0.16 
0.14 
0.12 

0.38 
0.60 
0.54 
0.58 
0.62 



|2 



lbs, 

2.1 
4.1 
e.8 
9.1 
10.3 

0.87 
0.85 
0.85 
0.89 
0.88 



Zbs. 

0.80 
0.30 
0.80 
0.28 
0.26 

0.045 
0.040 
0.037 
0.032 
0.025 



1.60 
2.50 
8.96 
8.47 
4.05 



5. 

6" 



lbs. 

3.00 
5.40 
8.40 
10.78 
11.96 

1.095 
1.060 
1.047 
1.062 
1.025 

1.88 
3.00 
3.60 
4.05 
4.67 



I 

5 



:4.7 
:5.0 
:6.0 
:7.0 
:8.0 



1:5.5 
1:5.6 
1:6.0 
1:7.0 
1 : 8.0 



1:4.0 
1:5.0 
1:5.5 
1:6.0 
1:6.5 



" Total organic matter" signifies the combustible portion of the ra- 
tion, free from water and ash. The diflFerence between "total organic 
matter" and ''total nutritive substance" shows the amount of indiges- 
tible matter in the ration and thus indicates something as to its proper 
bulk. The ''nutritive ratio" is the ratio of digestible protein to the 
sum of the digestible carbhyrates and fat. For animals weighing more 
or less than 1,000 pounds, the quantities are to be increased or dimin- 
ished in proportion to the weight. 

In using one of these standards we endeavor to fix upon a mixture 
of feeding stuff's which shall contain in a reasonable bulk the amounts 
of digestible matters called for by the standard. To do this we need 
to know how much digestible matter the fodders which we are to use 
contain. The following table shows the average composition and 
content of digestible matters of some common fodders. The compo- 
sition of the fodders is taken chiefly from Dr. E. H. Jenkins' compila- 
tion of American analyses in the report of the Connecticut Agricul- 
tural Experiment Station ; the digestibility is computed from the re- 
sults of German experiments. 



Digitized by LjOOQIC 



0pp. Doc.] 



Pennstlvania State Oollbgb. 



51 



Average Compoaitian of Feeding Stuffs. 



Pasture flrrass, 

Com enBilafire* 

Clover eosilage, 

Clover hay 

Tlmotby hay, 

Hay from mixed meadow grasses. 

Com fodder— field cured, 

Oat straw 

Rre straw, 

wheat straw, 

Mangolds, 

Rutabagas, 

Turnips, 

Potatoes, 

Peas, 

Barley, 

Oats, 

Rye 

Wheat, 

Com (Maize) 

Sorghum seed, 

Malt sprouts. 

Brewers' grains, 

Cotton seed meal, 

Oil meal— old process, 

Oil meal— new process, 

Rye bran, 

W heat bran from roller mills, 

Wheat bran— old process,. . , 

Wheat shorts, 

Gluten meal 



25 

6 

810 

190 

9 

3 

15 

24 
9 

12 
5 
7 
9 



Pebcbntaob Composition. 



80.0 
80.5 
76.3 
12.6 
11.1 
15.5 
32.1 

9.6 
U.l 

6.5 
91.8 
87.1 
88.9 
78.5 
13.2 
10.9 
10.9 
11.6 
10.5 
10.5 
12.5 
10.3 
75.0 

8.3 

9.2 
10.7 
11.5 
12.0 
12.0 
12.7 

9.1 



2.0 
1.3 
2.5 
6.1 
4.1 
4.7 
4.3 
5.2 
5.4 
7.0 
1.0 
1.4 
0.7 
0.9 
2.4 
2.4 
3.0 
1.9 
1.9 
1.6 
1.8 
5.7 
1.0 
7.8 
5.9 
5.6 
8.7 
5.0 
4.9 
4.3 
0.8 



I 



3.5 

1.5 

8.3 

12.6 

6.0 

6.2 

4.3 

3.5 

4.5 

6.0 

1.5 

1.2 

1.3 

2.1 

22.4 

12.4 

11.4 

10.6 

11.8 

10.6 

8.9 

28.0 

5.6 

42.1 

31.5 

32.9 

15.4 

16.1 

13.0 

13.8 

29.9 



4.0 

5.8 

6.7 

26.6 

30.9 

31.1 

22.1 

43.4 

88.8 

38.1 

0.9 

1.2 

0.9 

0.5 

6.4 

2.6 

9.9 

1.6 

1.8 

2.1 

1.9 

10.7 

8.9 

5.7 

9.8 

9.5 

8.6 

8.4 

8.1 

7.5 

1.5 



9.7 
10.2 
10.2 
39. tS 
45.8 
40.4 
36.0 
86.1 
38.4 
42.0 
4.7 
9.1 
8.1 
17.9 
52.6 
69.9 
60.1 
72.6 
71.9 
69.8 
71.8 
48.6 
12.9 
23.4 
36.3 
38.3 
68.4 
53.7 
58.2 
57.6 
52.6 



0.8 
0.7 
1.0 
2.5 
2.1 
2.1 
1.2 

i.z 

1.8 
1.5 
0.2 
0.1 
0.1 
0.1 
3.0 
1.9 
4.8 
1.7 
2.1 
5.5 
8.7 
1.8 
1.7 
13.2 
7.8 
3.1 
2.5 
4.2 
3.8 
4.1 
6.1 



PEBCT.orDiaB»- 
TiBi^ Matter. 



2.5 

1.1 

2.2 

6.9 

3.1 

3.2 

2.6 

1.4 

1.0 

0.9 

1.1 

0.7 

0.8 

1.4 

19.7 

9.7 

9.8 

8.5 

9.5 

8.4 

7.6 

18.8 

4.1 

35.8 

27.1 

28.3 

10.2 

12.6 

10.2 

10.8 

28.6 



9.9 
11.0 
11.0 
37.7 
48.8 
40.2 
35.1 
42.6 
87.6 
87.7 
4.5 
8.1 
7.2 
16.6 
56.0 
62.0 
48.0 
58.4 
60.9 
64.8 
68.6 
48.1 
9.6 
22.8 
34.3 
31.8 
47.7 
44.1 
47.5 
46.8 
48.8 



i 



0.4 
0.6 
0.6 
1.8 
0.9 
0.9 
0.6 
0.7 
0.6 
0.6 



1.6 
1.7 
3.9 
1.6 
1.9 
4.7 
2.8 
0.9 
1.4 
11.7 
7.0 
2.8 
1.6 
2.9 
2.6 
2.8 
6.2 



As an illustration of the manner in which these tables of feeding 
standards and of the composition of feeding stuflFs are intended to be 
used, we may compute a ration for a milch cow weighing 1,000 
pounds. 

As the foundation for a ration, let us take 20 pounds of corn ensil- 
age and 10 pounds of clover hay. The first step is to estimate how 
much digestible matter these will furnish. According to our table, 
average ensilage contains 80.5 per cent, of water and 1.3 per cent, of 
ash, and consequently 100 — 80.5 — 1.3=18.2 per cent, of dry organic 
matter, together with 1.1 per cent, of digestible protein, 11.0 per cent, 
of digestible carbhydrates, and 0.5 per cent, of digestible fat. Twenty 
pounds of it w6uld therefore contain 3.61 pounds of total organic 
matter; 0.22 pounds of digestible protein; 2.22 pounds of digestible 
carbhydrates ; 0.10 pounds of digestible fat. 

In the same Way we estimate the amount of organic matter and of 
digestible substances contained in ten pounds of clover hay, and we 
find that the coarse fodder of the proposed ration furnishes the fol- 
lowing amounts of nutritive matters : 
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Organic 
matter. 


DiOgSSTIBIiB. 




Protein. 


Carbhy- 
drates. 


Fat 


20 pounds of ensilage 


Lbs. 
3.61 
8.00 


Lbs. 
0.22 
0.63 


Lbs. 
2.22 
3.80 


Lbs. 
0.10 


lOpoundsof clover hay, 


0.10 


Total, 


11.61 


0.85 


6.02 


0.20 







This naturally falls considerably short of the standard, and the de- 
ficiency must be made up with ^ain or meal of some sort. The 
market price will usually be an important factor in deciding what 
kinds shall be used. We will suppose, )iowever, that a mixture of 
com meal and bran has been fixed upon ; what amounts of each shall 
we take to complete the ration ? This we must find by trial. We 
start with, say, five pounds of each, and calculate from the table how 
much digestible matter they will supply. Having done this, our table 
stands as follows : 



Organic 
matter. 



DiaESTIBLB. 



Protein. 



Carbhy- 
drates. 



Fat 



20 ponnds of ensilage, . 
10 poands of clover nay, 
6 pounds of corn meal, 
5 pounds of bran, 

Total, 



Lbs. 
3.61 
8.00 
4.40 
4.09 



Lbs. 
0.22 
0.68 
0.46 
0.61 



Lbs. ' 
2.22 
3.80 
3.85 
2.21 



20.10 



1.92 



11.58 



Lbs. 
0.10 

• 0.10 
0.21 
0.16 



0.57 



The ration still falls short of the standard. Before increasing the 
quantity of bran or meal, however, let us see exactly what is lacking. 
We need still 0.58 pounds of protein and 0.92 pounds of carbhydrates, 
while the fat is already in excess. It is plain that neither corn meal 
nor bran will answer to complete the ration, because if enough of 
either be added to increase the protein to the required amount the 
amount of carbhydrates will be raised far too high. What we want is 
some feeding stuflF containing plenty of protein and but little carbhy- 
drates and fat. One such fodder is new process oil meal. We add 
two pounds of that to the ration, and it then stands thus : 
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Ration as above, . . . 
Two pounds oil meal, 

Total, 

Standard, . . . 



Organic 
matter. 



20.10 
1.88 



21.98 
24.00 



DiOESTIBLB. 



Protein. 



1.92 
0.54 



2.46 
2.60 



Carbhy- 
drates. 



11.58 
0.56 



Fat 



0.57 
0.07 



12.14 
12.50 



0.64 
0.40 



By the addition of the oil meal the ration is made to correspond as 
closely as is necessary with the standard. While it contains some- 
what less carbhydrates than the standard, it contains enough fat to 
make up the difference. It^is quite possible that the actual ration 
when weighed out would not approach as near to the standard as it 
does on paper. It must not be forgotten that we are working with 
averages, both as to composition and digestibility. Any particular 
fodder is liable to differ more or less from these averages, and there- 
fore all calculations of rations can be approximate only. 

Many other combinations of feeding-stuffs might be readily com- 
puted which would contain very nearly the amounts of digestible 
matters called for by the standard. In general, any mixture of whole- 
some feeding- stuffs which contains the amounts of digestible matter 
called for by any particular standard, and has a suitable bulk, is a 
good ration for that particular purpose. 

There has been a somewhat general tendency on the part of Ameri- 
can experimenters and writers of late years, to question the accuracy 
of these German standards, or at least their applicability to our con- 
ditions. One cause of this tendency has doubtless been a too literal 
interpretation of the feeding standards. It has frequently been as- 
sumed, tacitly, if not avowedly, that a feeding standard was the exact 
expression of a scientific fact, instead of being, as it really is, an 
average of the results of more or less numerous and exact feeding 
trials. If, for example, a ration differing faiore or less from the stand- 
ard for some purpose, say fattening, has produced as good or better 
results than one compounded in accordance with the standard, tliere 
has been a feeling that the whole system of calculating rations is 
thereby discredited, whereas it may simply show that further experi- 
ment is needed in certain directions. 

But making all allowance for this^mistaken feeling, it is undoubt- 
edly the fact that some of the feeding standards given above, notably 
those for maintenance and for fattening, have failed to prove of much 
service to those who have tried them in this country, while others, 
notably that for milk, have given more general satisfaction. Even 
the latter standard, however, apparently does not always indicate the 
most economical feeding for our present conditions. 
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It is worthy of note that the standards for maintenance and for 
fattening are precisely those which embody the least experience, 
while that for milk represent the results of a larger number of ex- 
periments. This fact certainly suggests the possibility that further 
experiments may result in establishing standards for other purposes 
as satisfactory as that for milk or even more eo. In any case, how- 
ever, these standards are, and are intended to be, simply aids to 
rational feeding, and not infallible formulae to be blindly followed. 



THE SOILING SYSTEM FOR MILOH OOWS. 



BY H. P. ARMSBY, WILLIAM FRBAR, H. J. PATTERSON, GEORGE L. BOLTER AND 

WM. H.CALDWELL. 



As the value of land increases and the cost of interior fences be- 
comes felt to be as a growing burden, there is a natural incentive to- 
ward producing milk and butter from as small an area as possible, and 
as a result the question of the economy of the soiling system becomes 
of growing interest. By this system a much larger amount of fodder 
can be grown per acre than is produced by average pastures, and the 
adoption of the system will turn largely on the question whether the 
gain in this direction under any given circumstances is sufficient to 
more than cover the extra labor involved in cutting the crop and 
carrying it to the animals. Other considerations are, of course, in- 
volved, as for example, the fact that in pasturing stock there is con- 
siderable loss through the trampling of the grass by the animals and 
in other ways. Further, the fact of the irregularity in the yield of 
pasture at different seasons, as illustrated in one of the experiments 
described below, is an important element in the case. , 

Where animals are fed exclusively on green fodder, the expense 
of cutting and carrying the fodder to them is very considerable. On 
the other hand, when dairying is the main business, pastures are 
rather unsatisfactory as a sole reliance throughout the summer sea 
son. Many advanced dairymen have sought to coml?ine the advant- 
ages of pasturage and soiling by a system of partial soiling, depending 
wholly or mainly upon the pastures early in the season, and supple- 
menting them with clover or corn later when the growth of the grass 
falls off. The system of feeding which has been practiced upon this farm 
for several years is another form of partial soiling. We have no pastures, 
the cattle being fed entirely in the barn or yard. During the summer 
season they receive about half their fodder in the form of hay and grain 
and the remainder in the form of the various soiling crops. They are 
fed in the barn or yard night and morning and during the day are 
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allowed to run in a small piece of woodland where they have the 
benefit of the shade and coolness, but where they get no appreciable 
amount of fodder. Quite extensive investigations of the yield and 
composition of soiling crops have already been carried on here by Dr. 
Frear previous to the establishment of the Station. The investigations 
reported below, while supplying additional data on this point, have a 
more extended scope. 
They include : 

1. An investigation of the yield and composition of pasture grass. 

2. A determination of the digestibility and nutritive value of young 
grass, including also a comparison of the digestibility and nutritive 
effect of green grass with those of the same grass dried. 

3. Digestibility of soiling crops. 

4. Observations on the yield per acre of soiling crops, the composi- 
tion of rations actually eaten by the cows, the yield and composi- 
tion of milk, and the area of soiling crops required per cow and per 
100 pounds of milk produced. 

Exact knowledge on these fundamental points is necessary before 
a satisfactory estimate can be made of the relative cost and profit o 
pasturing and foiling. These experiments are an attempt to add to 
our present meager knowledge on this point. They are, however, 
only a beginning in this direction. All these factors necessarily vary 
with locality, and with the season, and a single] year's work cannot 
settle any of them definitely. Moreover, in these experiments, we 
simply took the system which has been in use here for a number ot 
years as the basis of investigation. The rations fed are not proposed 
as models. In fact, it is not improbable that they could be improved. 
The cows used, moreover, were far from being the best, and this re- 
sults in making the cost of production considerably higher than it 
should be, although this does not necessarily affect the value of the 
comparisons drawn between soiling and pasturage. Ih short, this 
present report is a report of progress. It was necessary to make a 
^beginning if we were ever to have definite knowledge on this subject. 
It is our hope to be able to continue and extend these investigations 
in future years until suflBcient data are accumulated for some definite 
conclusions. 

YiBLD AND Composition op Pasture Grass. 

H. p. ARMSBY, H. J. PATTERSON AND GEORGE L. HOLTER. 

As noted above, the object of this experiment was to obtain data as 
to the chemical composition of pasture grass and the amount pro- 
duced per acre, as a basis for comparison with soiling crops. The gen- 
eral plan of the experiment originated with the Direct/or ; the execu- 
tion and a considerable part of the calculations were in the hands of 
Messrs. Patterson and Holter, Mr. Patteison having charge of the 
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exteriment until his resignation, in June, and Mr. Holter after that 
date. Having no pastures, it was necessary to find some spot which 
should represent as nearly as might be an average pasture. For this 
purpose a portion of the college campus was selected where the grass 
did not appear particularly luxuriant or, on the other hand, especially 
thin. The grass was an old blue-grass sod, with a quite liberal ad- 
mixture of white clover, having a gradual slope to the south-east. * A 
plot one rod wide and seven rods long was staked out and subdivided 
into seven portions each one rod square. The grass upon this plot 
was cut with a lawn mower having attached to it a grass box which 
caught all or practically all the grass as it came from the knives. The 
sub-plots were cut in this way, one at a time, in regular rotation 
throughout the season, the grass after cutting being taken to the 
laboratory as promptly as possible, accurately weighed, and sampled 
for analysis. The object of sub-dividing the plot into seven sub-plots 
was to follow the daily rate of growth as closely as possible, and the 
intention was to cut one sub-plot each day. It was soon found, how- 
ever, that daily cutting was too frequent, and during nearly all of the 
experiment the time of cutting was governed by the rate of growth of 
the grass. Each successive set of seven samples taken as above, and 
representing consequently the yield of the whole plot, was united and 
subjected to chemical analysis. In the tables which follow in this 
report only averages for the whole plot are given. While it would be 
interesting to trace out the daily yield as shown by the individual 
cutting, the general result would not be diflFerent from that given by 
the averages. 

COMPOSITION OP GRASS. 

As was to be expected, the grass varied more or less in composition 
at diflferent times. A study of these variations would be interesting, 
but it is sufficient for our purpose to give the average composition of 
the grass which was as follows : 

Composition of Pasture Orass. 



Fresh. 



Water Free. 



WolflF's aver- 
age water frea 



Water, 

Ash, 

Albuminoids, . . . 
Non-albuminoids, . 
Crude tlber, .... 
Nitrogen-ftree extract. 
Fat, 



73.87 
2.46 
6.54 
0.28 
4.86 

n.81 
1.69 

100.00 



9.23 
20.86 

1.04 
1&25 
44.39 

6.24 

100.00 



100.0 



The grass, as shown by these results, is very rich in protein, and con- 
tains comparatively little crude fiber. In the dry state it resembles 
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thjB grains in composition more nearly than it does the ordinary coarse 
fodders. Of the total amount of nitrogen found in the grass only 4.98 
percent, was found to be in a non- albuminoid form, the remainder 
being, so far as our means of analysis can show, in the form of true 
protein. In the table we have compared the results of our analyses 
with the average of German analyses of pasture grass, as given by 
Wolff. Our samples were taken at an earlier stage of growth than 
most of those represented by Wolff's average, and consequently we 
find in our average considerably more protein and somewhat less 
crude fiber ; otherwise there is no very marked variation between the 
two, except that the proportion of non-albuminoids is much larger in 
Wolff's average. 

DIGESTIBILITY. 

We were not able to make any direct determination of the digesti- 
bility of the grass cut from this plot. In the experiment upon the 
value of green as compared with dry grass, which is reported below, 
the digestibility of the grass was determined. This grass was cut at 
a rather later stage of growth than the pasture grass of this experiment, 
and hence was presumably less digestible. The following is a summary 
of the results obtained : 

Digestion Co-efficients of Pasture Grass, 

Dry matter, 70.01 

Ash, ^. . . . . 52.66 

Albuminoids, 59.37 

Non-albuminoids, [100.00]* 

Crude fiber, 75.51 

Nitrogen free extract, 72.71 

Fat, 57.48 

'Assumed to be highly digestible. 

These results are probably somewhat too low for grass of the com- 
position found in this experiment, but for want of better results they 
have been made the basis of comparison. 

TIELB PER AORS. 

From the data given above, we can compute the rate of yield per 
acre of our plot, both of green grass, of dry matter, and of the various 
ingredients of which that dry matter is composed. Before presenting 
the results of this calculation, however, it seems desirable to say a 
word as to the value of the results thus reached. The term pasture 
has a very wide range of meaning. It may be applied, as it often 
is in New England, for example, to a rough, rocky hillside which is 
used as pasture, because no other use can be made of it. At the 
other extreme stand the rich lowland pastures of northern Europe, 
which furnish a great abundance of feed, and are regularly used for 
the fattening of cattle. Between these two extremes we may have 
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all degrees of productiveness. Furthermore, the yield of the same 
pasture will vary according to the season. It is evident then that no 
single result like this can be said to represent the yield per acre of 
pasture. In the nature of things, it is impossible to find what is the 
yield per acre of pasture in general. Our results show what was pro- 
duced under a certain set of circumstances. The sod upon our plot 
was rather thin; the rainfall was greater than the average, except 
during June, when it was notably deficient. 

On the other hand the rainfall was less evenly distributed than 
usual, the number of days on which rain fell being less than the 
average, with the exception of April, May and October. 





Total Rainfall.— Inches. 


No. OP Days on which Rain Fell. 




1880-S4. 


issa 


1880-84. 


1888. 


April, . . . 
M ay, .... 


1.93 
4.23 


2.79 
6.26 


8 
12 


]0 
17 


June, . . . 


4.70 


2.61 


12 


7 


July, . . . 


2.41 


2.78 


10 


6 


August, . . 


2.83 


6.16 


8 


6 


September, 


2.21 


3.12 


7 


4 


October, . . 


2.34 


3.76 


8 


13 



Furthermore, the grass was probably kept cut too close to fairly 
represent good pasture not too heavily stocked. In a repetition of the 
experiment, I should consider it desirable to cut much less frequently. 
Taking the results as they stand, and for what they are worth, we 
find the total yield of green grass per acre, from the beginning of the 
season to October 30th, to have been 4,276.82 lbs., and that this 
amount of green grass contained 1,145.49 lbs. of dry matter. The fol- 
lowing table shows the yield of each separate ingredient of the fod- 
der. The digestibility of the several ingredients has been computed 
by the use of the digestion co-efficients given above. 

Total Yield in Pounds per Acre up to October SO^ inclusive. 

Total fresh matter, 4,276.81 

Total dry matter, 1,145.49 

Ash 106.66 

Albuminoids, 238.63 

Non- albuminoids, 12.37 

Crude fiber, 207.03 

Nitrogen free extract, 509.40 

Fat, 71.40 

Digestible, 
Albuminoids, 160.42 
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Non- albuminoids, 

Carbhydrates, fiber and nitrogen free extract, 
Fat, '. . 



12.37* 
529.64 
40.69 



rate of growth. 

The above figures show the total yield per acre throughout the sea- 
son. It is desirable to know also the daily rate of growth at diflFerent 
times. In the first period it is plain that we must assume a date when the 
growth began since the yield obtained at the first cutting represents the 
total growth up to that time. In the following table it has been 
assumed to represent the growth of twenty days. In the subsequent 
periods each number represents the average of the 7 [sub-plots. The 
date given is found as follows : The date of cutting the first sub-plot 
and the date of the last previous cutting of the same sub-plot being 
known, the number of days between these two dates gives the num- 
ber of days growth represented by the yield of that plot, and a date 
half way between the two dates given above would be the one to 
which the average rate of growth might be assigned. By going 
through the same calculation with each of the seven subplots, and 
averaging the results, we get the number of days growth represented 
by the yield of the 7 sub-plots, and the date to which the average rate 
of growth is to be assigned. 

Average Daily Orowth. Pounds per Acre. 



Pbriod. 


Average date of 
cutting. 


Total dry 
matter. 


Total digestible 
matter. 


,^: :::■:::: 

3, 

4, 


May 19, 

" 25, 
June 4, 

•* 13, 

" 23, 
July 4, 

" 12, 

" 21, 

" 30, 
Aug. 9, 

" 20, 

" 29, 
Sep. 8, 

" 16, 

" 23, 

" 27, [3 plots], 
Oct. 7, " 

" 14, [6 plots], 

" 25, 


16.95 
11.68 

9.09 

5.00 

5.67 

5.92 

7.17 

4.71 

4.22 

2.13 

3.80 

4.90 

5.32 

6.71 / 

3.51 

2.56 

0.65 

0.62 

0.44 


11.04 
7.60 
5.88 
3.22 


r>, 

I:;;;::::: 


3.69 
3.83 
4.64 
3.05 


9, 


2.80 


10, 

11, 

12. 

13, 

14, 

15, 

le, 

17, 

18, 

19, 


1.40 
2.46 
3.20 
3.45 
4.35 
2.28 
1.63 
0.41 
0.39 
0.28 



The diagram given herewith represents to the eye the variation 
in the rate of growth at diflFerent times during the season, the length 
of the vertical black lines being proportional to the daily rate of 

* Assumed to be wholly digestible. 
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growth at the several dates. It is evident both from the table and 
the diagram that there was a rapid falling off after the early spring 
growth, doubtless exaggerated somewhat in this case by the dry 
weather of June, and possibly by the too frequent cutting. Still the 
results are such as might be reached on fully stocked pasture. The 
point most worthy of notice is the great variation in the yield at dif- 
ferent times, it being from five to eight times as great in early spring 
as in August. The result of this is that if a pasture is stocked to its 
full capacity in the spring, it is over-stocked in midsummer, and both 
the pasture itself and the yield of the herd suffer. On the other 
hand, if only so much stock is placed on the pasture as it can carry 
throughout the season, the early spring growth is not utilized. The 
only way in which this difficulty can be overcome is by supplement- 
ing the pastures with other feed during the summer, either in the 
form of soiling or of grain feed. 

It is difficult to state what was the average daily yield in this 
experiment, owing to the uncertainty as to what should be considered 
the length of the season. If, however, we assume that the grass was 
fit to pasture on May 10th, and reject the very small yields after Sep- 
tember as of no account, we have the season extending from May 
10th to September 29th, or 142 days. During this time, the average 
daily growth was as shown below : 

Average daily growth for whole season. — Pounds per acre. 

Fresh grass 25.17 

Total dry matter, 7.70 

Ash, 0.71 

Albuminoids, 1.61 

Non- albuminoids, 0.08 

Crude fiber, 1.41 

Nitrogen free extract, 3.42 

Fat, 0.48 

Digeetible. 

Albuminoids, 1.08 

Non-albuminoids, 0.08 

Oarbhydrates (fiber and nitrogen free extract), 3.57 

Fat, '. 0.27 

Total digestible organic matter, .... 5.00 



NuTRiTivK Value of Pasturb Grass. 

BY n. p. ARMSBY AND WM. H. CALDWELL. 

In the experiment just reported data were obtained as to the gross 
yield per acre of pasture. In order to be able to estimate accurately 



Digitized by LjOOQIC 



Off. Doc.] Penhbylvania Statb Oollbge. - 61 

the value of pasture, however, we need to know the digestibility of 
the product as well as its total amount. In the discussion contained 
in the foregoing paper, we have anticipated the results of the experi- 
ments upon this point, now to be reported. It was at first attempted 
to carry out a digestion experiment upon grass similar to that grow- 
ing upon the plots used in the previous experiment. At first the clip- 
pings obtained from the college campus by the horse lawn mower 
were used. Later, owing to the comparatively slow growth of the 
grass, and the difficulty experienced in securing a sufficient quantity 
in this way, spots were selected upon the campus on which the grass 
was sufficiently long to be cut with the scythe, although still compar- 
atively young. This grass, of course, differed considerably in compo - 
sition from the very young grass cut from the plots, and was presum- 
ably somewhat less digestible, but it was as close an approximation to 
pasture grass as the circumstances permitted us to obtain. The op- 
portunity offered by this experiment to study also the effect of drying 
upon the composition and value of the grass was utilized. 

The general plan of the experiment and the discussion of the re- 
sults are the work of the Director ; the execution of the plan is to be 
credited to Mr. Caldwell, and the chemical analyses of fodders, dung 
and milk were made by Messrs. Patterson, Holter and Sweetser. 

Effect of DrsrinfiT. \ 

There is a prevalent impression among farmers 'that drying dimin- 
ishes very materially both the digestibility and feeding value of grass 
or clover. This impression arises very naturally from the comparison, 
which is forced upon every farmer, of the relative value of dry hay 
and pasture. While upon good pasture animals will thrive and pro- 
duce abundantly of either milk or meat, the same animals when fed 
upon hay fail to yield anything like the same return. 

When, however, exact digestion experiments came to be made, it 
was found that simple drying had practically no effect upon the digesti- 
bility of grass or clover. It is hardly necessary here to cite examples 
of this. The experiment has been repeated so often that every one 
conversant with the subject has been forced to admit that the simple 
drying of fodder without loss does not decrease its digestibility. It 
is still claimed, however, that while the dried material may be just as 
digestible as the green, the digested matter has not the same nutritive 
value. The ardent advocates of ensilage especially have claimed a 
greater nutritive value for this feed on account of its succulence, 
and have claimed that in the process of drying the nutrients of 
green food undergo a process of dehydration which renders them 
less easily digestible and less valuable, and in this connection they 
lay considerable stress upon the difference between hay and grass, 
noted above, and which is familiar to every one, as a further example 
of the value of succulence. 
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While numerous comparative digestion experiments have been 
made on green and dried fodder, there have not been made, so far as 
I know, any exact experiments designed to test the truth of this gen- 
eral impression of the greater nutritive value of green as compared 
with dried material. The experiments described on the following 
pages were designed as a beginning in this direction. Owing to the 
great amount of labor and time requisite for the proper carrying out 
of such an experiment it was found impossible to use more than one 
animal. A larger number would doubtless have added to the value of 
the experiment, but the results are presented here for what they are 
worth. 

PLAN OF THE EXPERIMENT. 

The animal used was a five-year old Guernsey- Jersey cow. She 
dropped her second calf on April 2d, 1888. The week previous to 
entering upon the experiment her average daily yield of milk was 
twenty-nine pounds and three ounces. On May 11, 1888, she was fed 
ten pounds of the green grass, and the quantity of grass increased and 
that of dried fodder decreased until May 27th, when she was fed ex- 
clusively green grass, of which she received a full ration of eighty 
pounds. The experiment proper began on the afternoon of May 29th, 
and was conducted as follows : On the afternoon of each day there 
was cut on the College campus somewhat more than 165 pounds of 
grass. The grass was raked up carefully as fast as cut, placed in a cart 
and kept covered to prevent wilting, and taken to the bam as soon as 
the whole quantity had been cut. There a sample of five pounds was 
first taken for chemical analysis; then eighty pounds were weighed 
out for the animal, about half being given to it the same night, and 
the remainder kept covered in as cool a place as possible and used 
for the next morning's feed. Finally a second portion of eighty 
pounds was weighed out and spread on a large sheet to dry. It was 
at first attempted to dry this grass in the sun, but this was found to 
progress so slowly that as a substitute a staging was built over the 
boiler of the Mechanic Arts' shop, and the sheet containing each 
day's grass was spread out upon this and allowed to lie usually for 
nearly twenty-four hours. When thoroughly dried the whole amount 
for one day was carefully transferred to a cloth bag, tied up securely 
and set aside. This routine was gone through with daily throughout * 
the first period of eighteen days. During the last five days of this 
period the digestibility of the grass was determined in the method 
described below. The weight of the cow and the amount of water 
drunk daily were determined; the cow was not allowed to run in the 
yard, but kept in the stable all the time. In the second period of the 
experiment, also extending over eighteen days, the dried grass from 
the previous period was fed, the grass dried on the first day of the 
first period being fed on the first day of the second period and so on 
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throughout. The digestibility of the dried grass was determined 
during the last five days of the period, and the weights of animal and 
water drunk were taken as before. Throughout the experiment the 
animal was milked twice daily. Each milking was weighed and a 
sample of the night's and next morning's milk was taken daily for 
analysis. The feed given was eaten clean except on five days of the 
green grass feeding. Four of the days were in the first ha'lf of the 
period, and all five of them nn what may be called the preliminary 
feeding; that is, there were no uneaten residues dtring the digestion 
period. After making allowance for these uneaten residues, we find 
the amount of fresh grass actually eaten per day in period I to 
have been : 

First half, 79.05 lbs. 

Second half, 79.75 '' 

Whole, 79.40 '' 

It should be observed that in an experiment conducted in this way 
practically all the errors of experiment are likely to diminish rather 
than to increase the comparative value of the dried grass. The green 
grass was weighed out and fed directly with practically no chance for 
loss. The dried grass on the contrary had been handled considerably, 
and since it was not weighed after drying any accidental loss during 
the drying and necessary handling would diminish the amount of food 
eaten in the second period, and so tend to cut down the milk yield. 
It is believed, however, that no material loss of fodder occurred dur^ 
ing the experiment. 

COMPOSITION AND DIGESTIBILIIY. 

The following table shows the proportion of water and dry matter, 
and the percentage composition of dry matter of the grass that was 
used in the preliminary feeding and in the digestion period, and that 
left uneaten. 

Compobitio'n of Grass, 



Water, 

Dry matter, 

In 100 parts of dry matter 

Ash, 

Albuminoids, 

Non-albuminoids, 

Crude fiber, 

Nitrogen-free extract, 

Fat, 



Preliminary- 
feeding. 



73.21 
26.79 



100.00 

10.31 
13.44 

6.29 
24.33 
41.12 

4.61 

100.00 



Digestion 
period. 



75.77 
24.23 



100.00 

10.92 
11.74 

3.43 
27.92 
41.73 

4.26 

100.00 



Uneaten 
residues. 



58.61 
41.39 



100.00 

10.47 
13.25 

4.68 
24.92 
41.62 

5.06 

100.00 
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It will be observed that the grass used in the preliminary feeding 
was of rather better quality than that used in the actual digestion 
period, since it contained considerable more protein and considerably 
less crude fiber. It is altogether probable that there was a difference 
in the digestibility corresponding to this difference in composition, 
and that more food was actually digested from the grass during the 
first part of the experiment than the figures to be presented later 
appear to show. On the other hand, however, this difference affects 
both periods of the experiment equally, since grass of the same quality 
was fed at a corresponding time in each period. By this method of 
conducting the experiment, therefore, we eliminate from the compari- 
son of the nutritive effect, any error due to the varying composition 
of the grass on different days. 

As noted above, the digestibility of the fodder was determined in 
both periods. The general method of conducting a digestion experi- 
ment is easily understood. A carefully weighed quantity of food of 
known composition is fed. This being known, we can calculate how 
much of each crude nutrient is eaten. After the feeding has been 
continued for a sufficient length of time so that all residues of pre- 
vious fodders have been eliminated from the animal, the dung is col- 
lected carefully for several days, weighed and analyzed. From the 
data thus obtained, we can compute how much of each crude nutrient 
passes through the animal undigested. The difference between this 
amount and the amount eaten shows the amount digested. Much 
care is requisite in the details of such an experiment, but the general 
principle is easily comprehended from the above statement. 

Without occupying space with the detailed figures of the digestion 
experiment, its general results are presented in the table below, which 
shows the percentage digestibility of the fodder. By this is meant that 
for example in period I, 68.7% of all the dry matter which the ani- 
mal ate was digested and did not appear in the excreta ; that of the total 
amount of protein contained in the feed of the first period, 65.5% 
was digested and so on with the other ingredients. 







Percentage Digestibility. 






Period. 


Fodder. 


Dry 
matter. 


Ash. 


Total 
protein. 


Albumi- 
noids, 


Crude N. free 
fiber, extract 


Fat 


I, . . . . 
II.. . . . 


Green grass, 
Dried grass, 


68.T 
71.3 


49.7 
55.5 


65.5 
71.5 


55.5 
63.2 


74.3 72.5 
76.7 72.9 


54.7 
60.1 



The results just given show an apparently greater digestibility for 
the dried than for the green grass. A portion of this difference may 
arise from the method in which the experiment was conducted as will 
appear from the following considerations. If any of the grass was 
lost during the process of drying, the amount of material actually fed 
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in the second period was less than that in the nrst period. In the 
computations as to the digestibility, however, it is assumed that the 
same amount of material was fed in the two periods. If this is not 
the case, the amount excreted in the dung in the second period, as ac- 
tually determined, being deducted from a greater amount than was ac- 
tually fed, will show a corresponding greater digestibility. It is reasona- 
bly certain, however, that not all the difFerence|in the two sets of figures 
is due to this cause. In order to produce the observed difference in 
the digestibility of the dry matter, it would have been necessary that 
fully 20 per cent, of the grass should have been losi on drying. It is 
impossible that any such loss as this can have taken place, and most of 
the difference must be explained in some other way. On the other 
hand it is difficult to imagine that the drying can have actually in- 
creased the digestibility, and I am inclined lo consider the observed 
difference as simply accidental and most probably due to variations 
in the amount of dung excreted. The results at any rate, agree with 
those of other experimenters in showing no loss of digestibility as the 
result of drying. 

NUTRirrVB BPFBCT 

The nutritive effect of the feeding is to be measured by the gain or 
loss in weight of the animal and by the milk yield. 

Live Weight — The average live weight of the animals in the first 
and second period is presented in the following table which contains 
also the average amount of water drunk per day and the average 
stall temperature : 





Average Live 
weight. 


Average 
water drank. 


Average staU 
temperature. 


Period L Oreen grass. 
First half, 


763 lbs, 
783 ** 


67.6 lbs. 
64.2 »* 


67.9 deg. Fahr. 
71.8 " 


Second half, 


Whole, 


773 lbs. 


60.9 lbs. 


69.9 deg. Fahr. 


Period II, Dried grass. 

First half, 

Second half, 


728 lbs. 
742 " 


106.1 lbs. 
106.9 ** 


78.1 deg. Fahr. 
68.4 »* *» 


Whole, 


735 lbs. 


106.5 lbs. 


73.30 deg. Fahr. 



In order to show better the variations of live weight the weights 
from day to day have been represented on the accompany diagram, in 
which the heavy line rises or falls as the weight increased or decreased. 
It is evident from the figures for the daily weighings and from an in- 
spection of the diagram that while the weight of the animal was de- 
cidedly less in the second period, on the dried grass, than in the first 
period, the falling off of weight in passing from the one period to the 
ba State Oollbgb. 
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other was a sudden one. Within three or four days after the dried 
grass feeding was begun, the weight practically reached its minimum 
and thereafter increased rather than decreased. If the apparent loss of 
weight in the second period had been due to deficient nutrition, we 
should expect that the falling oflF would be gradual. The fact that it was 
not indicates pretty conclusively that the loss was not due to actual 
decrease in the weight of the tissues of the animals, but to a decrease 
in the contents of the stomach and intestines due to the chanii:e of 
food. This appears so plain from the diagram that I believe we are 
safe in assuming that the green grass showed no material superiority 
over the dned grass, so far as the maintenance of the animal was con- 
cerned. 

Quality of Milh — The average percentage composition of the milk 
produced in each half of each period is shown below : 



Percentage Composition of Milk, 








Total 
solids. 


Fat 


Protein 
(Nx6.25). 


Period L—Oreen Oraas, 
First half, 


12.84 
12.29 


4.10 
4.19 


2.76 


Second half; 


2.80 


Whole, 


12.67 


.4.14 


2.78 


Period IL^Dried Orasa, 
First half, 


12.07 
12.27 


4.17 
4.27 


2.65 


Second half. 


2.58 






Whole, 


12.17 


4.21 


2.62 







The table shows slight changes in the composition of the milk, but they 
are rather favorable than otherwise to the dried grass. The percentage 
of solids decreases somewhat regularly until the second half of the 
dried grass period when it again rises. The fat shows an increase, 
although a somewhat irregular one throughout the experiment, and 
the protein a decrease after the first half of the first period. On the 
whole the diiferences are so small as to be of little significance. 

Quantity of Milk. — The table below shows the average daily yield 
of milk in each half of each period, and also the average yield per day 
of total solid matter, of fat and of protein, calculated from the compo- 
sition of the milk as just given. 
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Fresh 
milk. 


Total 
solids. 


Fat 


Protein 
(Nx6.26). 


Period L— Green Grass. 

First half, 

Second half. 


Lbs. 

26.17 
25.85 


Lbs. 

8.36 
3.18 


Lbs. 

1.07 
1.08 


Lbs. 

0.72 
0.72 






Whole, 


26.01 


3.27 


1.08 


0.72 


Period IT.— Dried Grass. 
First half, 


26.27 
25.27 


3.05 
3.10 


1.05 
1.08 


0.67 


Second half. 


0.65 






Whole 


25.27 


8.07 


1.06 


0.66 







The quantity, of fresh milk produced per day decreases in general 
throughout the first period and the first half oi the second period. 
During the second half of the dried grass feeding this falling oflf is 
arrested although no increase is produced. It is well known, how- 
ever, that the proportion of water in milk may vary more or less from 
day to day, and hence the amount of total solid matter produced per 
day is a more accurate measure of the effect of the food than the 
amount of fresh milk. Taking the solids as our basis of comparison 
we find that between the first half and the second half of the first 
period the daily yield decreased .18 pounds; between the second half 
of the green grass period and the first half of the dried grass period 
it fell ofi" .13 pounds, while between the first half and the second half 
of the dried grass period we note an increase of .05 pounds. The 
daily yield of fat is a matter of some interest since it furnishes us an 
approximate measure of the amount of butter which the milk might 
have produced. As will be seen, the yield of fat is very nearly uni- 
form throughout the experiment, there being but a slight falling off in 
the first half of the dried grass pericd. The yield of protein is less in 
the second period than in the first. On the whole the figures appear 
to show a slight increase in the milk production in the last half of the 
dried grass period, although the diffei ences are small. If they are to be 
accepted as significant we may say that the nutritive effect of the dried 
grass was slightly greater than that of green grass. It is to be remem- 
bered, however, that a little of the green grass was left uneaten in the 
first period while the dried grass in the second period was eaten clean 
so that the cow really received a trifle more food in the second period 
than in the first. Taking this into account, a fair calculation from the 
above results would appear to be that the green grass and the dried 
grass were substantially equal in nutritive effect. It was not possible 
in this experiment to determine the actual yield of butter from the 
milk. The amount of fat contained in the milk may, of course, be 
taken as an approximate measure of this, but, as will be shown below, 
this measure is not an exact one. The churnability of milk, that is 
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the proportion of its total fat, which can be recovered in butter may 
vary conBiderably, it would appear, under the influences of the food 
eaten. Further mention on this point will be made in connection 
with the experiment about to be described. 

EoDperiment at the Agricultural Experiment Station of the University 

of Wisconsin. 

During the summer of 1887 the writer carried out an experiment 
very similar to the one just described, at the above institution, with 
which he was then connected. In this experiment the grass used was 
considerably more mature, being cut when some nine or ten inches 
high. No determinations were made of the digestibility of the grass, 
but, on the other hand, the amount of butter produced from the milk 
of the cow was determined and its quality passed upon by an expert. 
An unfortunate mistake also diminished somewhat the value of the 
experiment. It was the intention to make grass the sole feed of the 
cow, but by a misunderstanding of orders the cow was fed wheat bran 
by measure like the rest of the herd. When the mistake was discov- 
ered about the end of the first period the man was directed to measure 
out the customary amount of bran and place it on the scales. This 
was repeated three times and, the three weighings agreeing closely, 
their average was taken to represent the amount of bran which had 
been fed, and throughout the rest of the experiment this amount was 
weighed out daily to the cow. The amount of bran fed per day was 
6.5 pounds. The cow used in the experiment was a grade Jersey 
which had previously been used in the experiments on milk produc- 
tion described in the report of the Wisconsin Station for 1887. She 
was kept in the bam during the day, but was allowed to run in the 
yard during the night. She could not have found there, however, any 
material amount of food. The trial feeding began May 26. The actual 
experiment began June 2, the green grass period ending June 15 and 
the dried grass period June 29. The composition of the grass used was 
as follows: 

Water, 76.28 

Drj matter, 23.72 

100.00 

In 100 parts of dry matter : 

Ash, 6.94 

Protein, 14.47 

Crude fiber, 29.20 

Nitrogen—free extract, 46.14 

Fat, 3.25 

100.00 

The bran was not analyzed, since the amount fed was made as nearly 
as possible the same throughout both periods. 
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NUTRITIVE EFFECT. 

Live Weight — The live weight of the animal was taken daily. The 
average of the daily weighings was as follows : 

Period I. Green grass : 

First half, . 885 pounds. 

Second half, 908 pounds. 

Period II. Dried grass. 

First half, 929 pounds. 

Second half, 987 pounds. 

There was a steady increase in the weight of the animal, slightly 
less rapid in the second period than in the first, but with not enough 
difference between the two to indicate anything like deficient nutri- 
tion. 

Quality of Milk. — The composition of the milk in the several 
periods was as follows : 

Average Percentage Composition of Milk. 





Total soUds. 


Fat. 


First halt, . . 


Period I—Oreen Or ass. 


14.18 
14.82 
14.36 


5.15 


Second half. 




5.64 


Whole, . . . 




5.40 


First half, . . 


Period II— Dried Grass, 


14.15 
14.86 
14.26 


5.79 


Second half. 
Whole, . . . 




5.44 




5.61 







The figures vary somewhat, but so irregularly that they do not in- 
dicate any distinct eflFect of the variations in food on the composition 
of the milk. The average of the second period is nearly or quite as 
good as that of the first. 

Quantity of Milk — The quantity of milk produced is shown below : 

Average Daily Yield. Lbs. 





Milk. 


Total soUds. 


Fat 


Period I—Oreen Or ass. 
First half, 


17.82 
16.64 
16.98 


2.45 
2.43 
2.44 


0.89 


Second half. 


0.94 


Whole, 


0.92 


Period II—Dried Orass. 
First half, 


17.17 
18.45 
17.81 


2.43 
2.65 
2.54 


0.99 


Second half, 

Whole, 


1.00 
1.00 







There was a slight falling oflF in the yield as between the first and 
second halves of the first period, except in the case of the fat. With 
these exceptions there was an increase of yield as the experiment pro- 
gressed. It is remarkable that this experiment, like the one previously 
described, seems to show a slight gain as the result of drying, but even 



Digitized by LjOOQIC 



70 



Annual Report op the 



[No. 17, 



though the two experiments concur in this respect, I believe we are 
warranted in assuming this slight gain to be accidental and not due 
to the feeding. It is certainly diflScult to conceive how drying the fod- 
der should improve its quality, and in any case the two experiments 
afford insufficient data for such a conclusion. Both experiments 
coincide, however, in failing to show any loss as the result of drying. 
If there were any such marked diflFerence between green and dried 
fodder as is sometimes claimed, it seems hardly possible that it should 
have failed to show itself in two experiments conducted on the whole 
as carefully as these. 

Yield of Butter, — In this experiment each milking was, after being 
sampled, placed in a small Oooley can, and the cream produced, after 
proper ripening, was churned every three days. The butter was salted 
as usual, one ounce to the pound, but not colored. After weighing, a 
sample of about a pound was packed in a tin box, which was placed 
inside a wooden box, surrounded by grass, and shipped at once by ex- 
press to a butter dealer in Chicago for rating according to the estab- 
lished scale of points. The following table shows the average yield 
of butter, and gives also the weight of pure fat contained in this but- 
ter. In this way, by taking the amount of fat in the butter as the 
basis of comparison, we may eliminate any errors due the varying 
amounts of water, salt, casein, etc., contained in the commercial butter. 

Average Daily Yield of Butter. Lbs, 



Fresh butter. Butter fat 



Period 1—Oreen Orasa. 

First six days, 

Last seven days, 

Whole, 

Period IT— Dried Orasa. 

First six days, 

Last nine days, . . 

Whole, 



O.SS 
1.06 
0.99 



0.94 
0.99 
0.97 



0.72 
0.86 
0.79 



0.79 
0.82 
0.81 



The yield of butter is practically the same in the two periods, or if 
we make allowance for the slight variations in composition by making 
the yield of butter fat tlie basis of comparison shows a slight gain in 
the second period. It should be noted, however, that this slight gain 
in the second period is considerably less than corresponds to the in- 
creased amount of fat in the milk produced, as shown by the previous 
table. 

Chumability of Milk Fat. — ^Ihe fact just mentioned leads naturally 
to a consideration of the relation between the total fat contained in 
the milk and the amount of butter which can be made from it. Not 
all the fat of the milk can be converted into butter. A small portion 
of it in any case remains in the skim milk, and another, usually some- 
what larger, portion in the buttermilk. It appears from numerous ex- 



Digitized by LjOOQIC 



Off. Doc.] 



PSNNSTLVANIA StATB OoLLBGB. 



71 



periments that the food of the animal may influence to a considerable ex- 
tent the proportion of the total fat of the milk, which can be recov- 
ered in the butter. It is plain, then, that if any particular food or 
method of feeding has the effect of causing the milk to churn better, 
or, in other words, enables us to get out of the milk a larger propor- 
tion of the fat which it contains, that food or that method of feeding 
is of special value to the buttermaker even though it does not pro- 
duce any greater total amount of fat in the milk. The subject of the 
influence of feed on the churnability of milk has been comparatively 
little studied, but a few recent experiments go to show that the use of 
green succulent food enables us to separate the butter more com- 
pletely from the milk. 

Alvord * gives the following results of trials made at Houghton farm. 
The first table below shows the total amount of fat in the milk, the 
amount of fat in the butter obtained by churning the same milk, and 
finally the percentage of the total amount of fat in the milk which 
was recovered by the churn. The results show the averageT^product 
of the same lot of cows fed first on hay and grain in April, second on 
ensilage and grain in March, and third on good pasturage in'May. 
The second table gives similar data for a single cow '' selected for the 
apparent uniformity of her product, and of her health, appetite and 
general condition." In the table as given the amount of butter fat 
obtained has been substituted for that of the butter obtained as given 
in the original paper, it being assumed that the butter contained 
eighty-five per cent, of fat. While it is not likely that this was ex- 
actly true, it is hardly possible that the variations in the composition 
of the butter could account for the differences observed. 

Trial with Herd. 



Found in 100 Lbs. op Milk. 



Actaal fat In milkf .... 
Butter fat obtained, .... 
Per cent, of fat churned out, 



Dry-ftd hay 

and 

grain in April. 



5.12 pounds. 

4.21 pounds. 

82.17 per cent. 



Fed corn ensi- 
lage and grain 
in Marcn. 



4.37 pounds. 

3.71 pounds. 

84.80 per cent 



On good pas- 
turage alone in 
May, 



4.13 pounda 

3.58 pounds. 

86.64 per cent 



Trial with Single Cow, 



Found in 100 Lbs. 
OP Milk. 



Actual fat in milk, . 

Butter fat obtained, 

Per cent of fat 

churned out, . . . 



Fed hay 

and grain in 

March. 



4.76 pounds. 
3.60 pounds. 

75.53 percent 



Fed corn 

ensilage and 

grain 

in March. 



4.42 pounds. 
3.73 pounds. 

84.43 percent 



Fed com 

ensilage alone 

in April. 



3.93 pounds. 
3.36 pounds. 

85.43 percent 



Fed on grass 
alone pastur- 
age in May. 



4.64 pounds. 
4.04 pounds. 

87.02 percent 



♦Society for Promotion of Agpricultural Science, 1883-1884, pages 23-24. 
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Alvord's conclusion from the above results is that " the greater the 
proportion of succulent food, the more completely the churn will do 
its work." Experiments by Sturtevant,* in which the total fat of the 
milk was compared with that obtained by churning on a small scale, 
show very considerable variations in the chumability of the milk on 
different feeds, but the feeding periods were too short to allow any 
very definite conclusions to be drawn as to the exact effect of the feed 
in this respect. It is worthy of note, however, that with one excep- 
tion the ensilage period gave the highest churnability. In our own 
experiment the proportion of the total fat which was recovered in the 
butter was as follows : 



Period I.— First half, 80.95 
Second half, 91.18 
Whole, 86.64 



Period II.— First half, 79.23 
Second half, 8L45 
Whole, 80.66 



Here we have a difference of six per cent, in the churnability of the 
milk, or if we compare the second halves of the two periods, a differ- 
ence of nearly ten per cent, in favor of the green grass. 

In experiments upon the comparative value of comfodder and en- 
silage, Well f found that during the period in which ensilage was fedr 
the percentage of fat obtained in the butter was 12.60 per cent, greater 
than the average of the two periods in which cornfodder was fed. 

His results were as follows : 



Butter fat. 



MUk fat. 



Churned out. 



Period I, . 
Period II, 
Period III, 



11.59 lbs. 

11.05 lbs. 

9.50 lbs. 



13.12 lbs. 
11.61 lbs. 
12.88 lbs. 



88.35 percent 
95.15 " 
76.74 " 



It would seem from these results to be highly probable that green 
succulent food does improve the churning qualities of milk, and that 
if, in the experiment described above, butter had been made from the 
milk, there would have been a gain in the first period as compared with 
the second. 

Quality of Butter. — As noted above, samples of the butter from 
each churning were sent to a Chicago dealer for rating. The samples 
sent him were designated by number only, and he had no knowledge 
of the nature of the experiment in progress. The following is his 
letter, including his report on the samples : 

" Please find enclosed score of the samples of butter sent me. You 
will see that I have made the score 50 points. The flavor, I presume, 
is what you most wanted. The examination made yesterday was 
made without any reference to the former score, and, of course, I have 
allowed a little in flavor for the stock being old. 

I was quite surprised to find Nos. 4, 5 and 6 very rank in flavor. 

♦Report New York Agricultural Experiment Station, 1883-1885. 

jAgric Experiment Station, University of Wisconsin, Fifth report, page 52. 
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The number 1 was quite oily. The otheis were about as ordinary 
butter is after being held. 

This butter was put on a shelf on the side of my ice-box in my re- 
frigerator, and I do not think the temperature varies much from 55, 
and I was surprised that the lots which I have named should get so 
badly off in flavor. I had my butter man make the score at the same 
time without knowing what the other man put down, and we run very 
close on points, and I have averaged them so I think they will be 
about right. There was none of it as high in flavor as some of the 
fine creameries which we receive, but I suppose it could not be done 
in making such small lots. 

Yours truly, 

A. H. Barber." 

The results on the fresh butter were as follows: 

Oreen Grass Period. 



No. of 
Rample. 


Milk of 


Churned. 


Flavor. 

3a 


Grain 
10. 


Color 
5. 


Salt 
5. 


Total. 
50. 


1, . . . . 

2, . . . . 

5;:::. 


June 3, 4, 6, ... . 
June 6, 7, 8, ... . 
June 9, 10, 11, . . . 
June 12, 13, 14, 15, . 

Average, . . . 


June 6, . 
June 9, . 
June 14, 
June 17. . 


20 
12 
22 
20 


10 

8 
9 

8 


4 

5 

31 


5 

4 


39 
29 
40 
37 




18.5 


8.75 


4.5 


4.6 


36.25 











Dried Orass Period, 



No. of 
Sample. 


Milk of 


Churned. 


Flavor 
30. 


Grain 
10. 


Color 
5. 


Salt 
5. 


Total. 
50. 


8, . . . . 

9, . . . . 


June 16, 17, 18, . . 
June 19, 20. 21, . . 
June 22, 23, 24, . . 
June 25, 26, 27, . . 
June 28, 29, 30, . . 

Average, . . 


June 20, . 
June 23, . 
June 27, . 
June 30, . 
July 2, . 


18 
14 
•16 
21 
20 


.7 
8 
10 
10 
10 


r 


3 
4 
4 
5 
4 


32 
29| 
35 
41 




17.8 


9 


4.2 


4 


35.0 











On August 4 a second examination of the samples was made, they 
having meanwhile been kept in the ice box, with the following re- 
sults : 

Oreen Orass Period. 



Na of 
Sample. 


Milk of. 


Chun^d. 


Flavor 
30. 


Grain 
10. 


Color 
5 


Salt 
5. 

5 
4 
4 
5 


Total. 
50. 


I:;;; 


June 3, 4, 5, ... . 
June 6, 7, 8, . . . . 
June 9, 10, 11, . . . 
June 12, 13, 14, 15, . 

Average, . . . 


June 6, . 
June 9, . 
June 14, . 
June 17, . 


10 

15 

8 

5 


10 
10 
10 
10 


5 

f 

5 


30.0 
33.5 
27.0 
2,-).0 




9.5 


10 


4.9 


4.5 


28 9 
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No. of 
Sample. 


Milk op. 


Churned. 


Flavor 

3a 


Grain 

la 


Color 
5. 


Salt 
5. 


TotaL 

5a 


%■■:::■. 

9, . . . . 


June 16, 17, 18, . . 
June 19, 20, 21, . . 
June 22, 23, 24, . . 
June 25, 2«, 27, . . 
June 28, 29, 30, . . 

Average, . . . 


June 20, . 
June 23, . 
Juue 27, . 
June 30, . 
July 2, . 


5 

5 

10 

12 

16 


7 
8 
10 
10 
10 


4 
4 
6 
5 

4 


3 

4 
4 


19.0 
21.0 
29.0 
3L.5 
34.0 




9.6 


9.0 


4.4 


3.9 


26.9 











No8. 4, 5 and 6, rancid ; No. 1, oily. 

It will be seen that the diflFerences between the two classes of samples 
were comparatively small, and, on the average, showed that the chief 
difference between the two was in the flavor, though even there the 
difference does not amount to a whole point. If we allow any sig- 
nificance to this slight difference, the general result of the comparison 
is that the butter from the green grass was slightly better at first than 
that front the dried grass, but did not keep quite as well. It appears 
doubtful, however, if these small differences have any significance 
whatever. It will be observed that the quality of none of the samples 
was very high. This was probably due, as Mr. Barber's letter sug- 
gests, to the fact that the butter was made in small lots, and therefore 
not under the most favorable conditions, and to the further fact that 
the single cow used had been in milk about seven months. 

CONCLUSIONS. 

The experiments described above, taken in connection with what is 
already known on the subject, lead to the conclusion that the simple 
drying of grass without loss does not diminish either its digestibility 
or its nutritive value, as a food for milch cows, with the single ex- 
ception that dried food appears to influence unfavorably the churning 
qualities of the milk. In this connection, some explanation seems to 
be called for of the great difference between grass and hay, which was 
alluded to in the introduction to this article, the more so as a good 
deal of confusion appears to exist upon this point even in the minds 
of those tolerably well inlormed on such subjects. Pasture grass is 
better than hay, first because it is cut earlier, and is therefore of a 
better quality ^er se. It is a perfectly well established fact that the 
earlier grass is cut the greater is its percentage of protein, and the less 
its percentage of crude fiber, both of which circumstances give greater 
value to the young grass. As an example of this, we may cite analy- 
ses of hay cut at three different times from the same meadow.* 

♦Landw. Jahrb. 8, I Supplement, 64. 
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Cut. 


Protein, 
per cent 


Crude 

fiber, per 

cent 


Fat, per 
cent 


Nitrogen- 
free ex- 
tract, per 
cent 


Ash, per 
cent 


May 14, 1877, 

June 9, 1877, 

June 26, 1877, 


18.97 

11.16 

8.46 


24.70 
84.88 
38.15 


3.42 
2.74 
2.71 


43.91 
43.27 
43.34 


9.50 
7.95 
7.34 



But not only was the grass of a better quality as shown by analysis 
in the earlier cuttings, but it was more digestible as well. Digestion 
experiments upon these samples showed the following percentage of 
digestibility for the several ingredients : 



Percentage Digestibility. 



Cut. 



Protein. 



Crude 
fiber. 



Nitro- 
gen-free 
extract 



Fat 



May 14, 
June 9, . 
June 26, 



73 
72 
56 



80 
66 
61 



76 
62 
56 



65 
52 
43 



From the figures of these two tables we can compute the percentage 
ot digestible matter in each of the three samples of hay, and thus 
bring out still more strikingly the differences in their value. The 
results are contained in the table below. 

Percentages of Digestible Matter. 



Cut. 


Digestible 

organic 
substance. 


Digestible 
protein. 


Digestible 
crude fiber. 


Digestible 
fat 


Digestible 
nitrogen- 
free extract 


May 14, . . . 
June 9, . . . 
June 26, . . . 


Lbs. 

69.20 
59.31 
53.45 


Lbs. 

13.85 
8.04 
4.74 


Lbs. 

19.76 
23.02 
23.27 


Lbs. 

2.22 
1.42 
1.17 


Lbs. 

33.37 
26.83 
24.27 



Second. Grass is better than hay because in the ordinary processes 
of making hay, there is considerable loss of material. The leaves 
and tender parts, which are especially valuable, become dry first and 
crumble off more or less before the stems are suflBciently dried. 

In an experiment by Wolf, Funke and Kellner * the loss in the 
preparation of Lucerne hay, amounted to 7.13% of the dry matter, 
and the hay was inferior both in composition and digestibility to the 
product obtained by carefully drying the same material under con- 



* Landw. Vers. Stationen, 21,425. 
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ditions similar to those of our experiment. The results were as fol- 
lows: 



Protein, 

Crude fibre, 

Nitrogen-free extract, 

Fat, 

Ash, 



Composition. 



DiOBSTIBILITY. 



Dried with- 
out loss. 



17.00 
31.81 

43.80 

7.39 



100.00 



Hay. 



Dried with- 
out loss. 



14.94 
33.90 

44.22 

6.94 



71 
48 



29 



100.00 



Hay. 



67 
4& 



OOMPABISON WITH FEEDING STANDARD. 

It is of interest to compare the amount of food consumed in this 
experiment with the feeding standard for milch cows as given by 
Wolflf. Taking the average of the two periods as representing most 
fairly the amount of digestible matter consumed, we have the follow- 
ing comparison : 

Rations per Day and IfiOO Pounds Live Weight 



Total dry matter, 

Digestible protein, 

Digestible carbhyd rates, . . . 
Digestible fat, 

Total digestible organic matter. 
Nutritive ratio, 




15.40 
1:5.4 



Our ration was somewhat heavier than that called for by the 
standard, but the proportion of the several ingredients was very 
nearly the same. 

Diirestibility and Nutritive Value. 

The data already given in discussing the effect of drying upon the 
grass cover, the question of its digestibility and nutritive value pretty 
thoroughly, so that only a summary of them needs to be given here. 
The average percentage digestibility obtained was as follows : 

Dry matter, 70.0 

Ash, ; 62.7 

Total protein, 68.5 

Trtie albuminoids, 59.4 

Crude fiber, 76.5 

Nitrogen-free extract, 72.7 

Fat, » 57.6 
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Probably the best practicable measure of the nutritive value of the 
grass is the ratio of food to product, as shown in the following table : 

Average of Whole Experiments. 



Required to produce 1 part of milk, . . . 
Required to produce 1 part of milk solids, 
Required to produce 1 part of fat, .... 
Required to produce 1 part of protein, . . 



Total dry 
matter. 



0.7037 
6.105 

18.09 

28.00 



Total digesti- 
ble matter. 



0.6291 
4.275 

12.67 

19.61 



Upon these figures and upon the results of the preceding experi- 
ment, we may base some tentative conclusions as to the value of pastur- 
age, always remembering that no one spot of ground can represent 
all pastures and no one cow all herds. It is to be noted also that the 
proportion of protein in our pasture grass was considerably greater 
than in the grass used in this experiment, and that consequently a 
certain amount of digestible matter in the pasture grass would pro- 
bably produce more milk than the same amount in the other grass. 
How great this difference would be, however, we have no means of 
estimating, and can only take the figures as they stand. On this basis 
one acre of pasturage would produce per day as the average of the sea- 
son: T 

Milk, 9.45 pounds. 

Butter, * 0.39 pounds. 

These results, as has already been pointed out, apply strictly only 
to this cow, and to this particular piece of grass land. Some further 
discussion on this point in relation to the economy of pasturage and 
soiling will be found on subsequent pages. 



Digestibility of Soiling Crops. 



BY WILLIAM FRBAR, WILLIAM H. CALDWELL, G. L. HOLTBB AND W. 8. 

SWEBTSER. 



In earlier investigations the writer stated the yield and changes of 
composition of the various soiling crops at different stages of develop- 
ment. The result of these investigations indicate that, as a whole, the 
crops from highly manured soil were not only greater in quantity, but 
better in quality than those obtained from less fertile soil. Attempts 
were then made to determine approximately the amount of digestible 
matter yielded by an acre of each of these crops. For this purpose 

* On the assumption that the weight of butter produced from the mUk, equals the 
total amount of butter fat contained in t 
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certain coefficients of digestibility obtained from Qerman experiments 
were used. 

Attention was, however, called to the fact that these coefficients 
were obtained by averaging the results of a number of digestion ex- 
periments that were often accepted without any reference to the age 
or other quality of the feeding stuff. But it is well known, that a varia- 
tion of these conditions is usually accompanied by a variation in the 
digestibility ; and these latter variations would probably be such as to 
present a more favorable showing for the soiling crops. It seemed there- 
fore desirable to investigate the digestibility of the fodder grown un- 
der the highly favorable conditions maintained with soiling crops. 

Before proceeding to a detailed statement of the investigations, at- 
tention is called to the meaning of the terms employed. While there 
are many distinctly different substances which possess nutritive value, 
we find that all these substances may be conveniently grouped into 
the following classes : 

1. Water, which is naturally so abundant that it is easily obtained 
by all, and therefore, its feeding value may be overlooked in such an 
investigation as the present. 

2. The fats or oils. 

3. The fiber, which is composed of material forming the cell walls of 
plants, and which also includes the hard, woody material. 

4. The nitrogen-free extract, a very important group, containing 
starches, sugars, gums and jelly-forming matter. 

5. The protein, or albuminoids, which includes gluten, the dough- 
forming material of bread ; fibrin, the principal constituent of meat; 
albumen, a principal constituent of eggs; casein, an abundant consti- 
tuent in milk ; and other equally important food materials. In com- 
mon practice among food investigators, there is included in this group 
the amides^ or non- albuminoids, a class of nitrogenous substances dif- 
fering considerably from those just mentioned in their chemical and 
nutritive properties, but to which it has thus far been difficult to as- 
sign a definite value. 

6. Ash, the material left when any food is burned to whiteness ; 
this includes the lime, magnesia, potash, phosphoric acid, and other es- 
sential mineral constituents of foods. 

A study of the nutritive effects of these different groups of con- 
stituents has Bhown that the true albuminoids alone possess, in addi- 
tion to the uses of the other groups, — fats, fiber and nitrogen-free ex- 
tract, — the power of flesh formation; so that, while the albumi- 
noids may, with more or less economy, perform the functions of the 
other groups of organic nutrients, the latter cannot act in full measure 
as substitutes for the albuminoids. The nutritive effects of these 
different groups of substances being thus far different, it is essential 
that each should be represented in a ration in such proportion as to 
meet most exactly the needs of the animal, needs which differ accord- 
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ing to the age, kind and condition of the animal and the purpose for 
which it is grown. 

In determining the valne of any food, there are three elements to 
be considered : 

1. The chemical composition, or the proportion of these different 
groups of food materials present in the substance under consideration. 

2. The digestibility of the food ; by this is meant the proportion of 
the food which is dissolved in the digestive apparatus of the animal, 
and taken up into the circulation within its body. Since the nutritive 
functions of the different groups of substances of which foods are 
composed, differ in the manner above indicated, it is necessary not 
only to know what proportion of the whole food is digested, but also 
to ascertain the proportion digested of each of these several in- 
gredients. These proportions are expressed in percentages, and the 
precentage that is digested of any constituent fed, as fat or fiber, 
is called its coefficient of digestibility. 

3. It remains to determine the nutritive value. This element in the 
determination of food value differs from the other two, in that it is influ- 
enced to a very great degree by other conditions than those de- 
pendent upon the quality of the food. In other words, a food of given 
composition and digestibility may be used in such ways as to pro- 
duce very different nutritive results. Nevertheless, within rather 
general limits, experience has shown that food must be given in cer- 
tain quantities, and in mixtures such as to afford not only certain 
quantities but also certain proportions of the groups of nutrients 
previously named, in order that it may be used economically for any 
specific purpose — as for maintenance, for the production of flesh, fat, 
milk or wool, or for the growth of young animals. 

It is with the second of these elements in determining the value of 
soiling crops, viz : The digestibility, that the investigations about to 
be described are concerned. 

THE PLAN OP EXPEBIMENT. 

The general method of conducting a digestion experiment is easily 
understood. A carefully weighed quantity of food of known compo- 
sition is fed. This being known, we can calculate how much of each 
crude nutrient is eaten. After the feeding has been continued for a 
sufficient length of time, so that all residues of previous fodders have 
been eliminated from the animal, the dung is collected carefully for 
several days, weighed and analyzed. From the data thus obtained 
we can compute how much of each crude nutrient passes through the 
animal undigested. The difference between this amount and the 
amount eaten shows the amount digested. Much care is requisite in 
the details of such an experiment, but the general principle is easily 
comprehended from the above statement. 

For these experiments two grade Devon steers were used, two-year- 
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olds, of about 700 pounds weight. Previous to the beginning of the 
experiment proper, these steers were fed with indefinite quantities of 
the material to be experimented upon, so as to displace from the ali- 
mentary canal the residue of all other foods which would interfere 
with the successful conduct of the experiment. 

After this, the feeding of definite quantities was begun. It is best 
to use an amount near the minimum daily consumption of th^ animals 
after they have become accustomed to the food ; otherwise complica- 
tions are introduced, by the considerable residues which may be left 
uneaten, and by the greatly increased variation in the quantities of 
fodder excreted from day to day. Certain German experiments ren- 
der it probable that the contents of the alimentary canal of cattle are 
completely changed in seven days at the most. On this basis the 
feeding of definite quantities was continued for one week before the 
collection of dung was begun. This last operation was carried on for 
five days, the urine being caught in a rubber bag, strapped to the steer, 
while the dung was caught upon shovels as it dropped, by the watch- 
men who were stationed with the animals night and day during this 
last period. 

The food was cut, well mixed, and an aliquot portion taken for an- 
alysis each day, starting with the time when the feeding of definite 
quantities was begun. The latter precaution is necessary for the 
reason that the dung of any day probably represents the food of sev- 
eral preceding days, and where the crops are growing and changing 
in composition day by day, the failure to take this fact into account 
may introduce a very considerable error into the results. Hence, in 
these experiments the average composition of food, from the time 
when the feeding of definite quantities was begun up to the close of 
the period of dung collection, has been taken as the basis of calcula- 
tion. Any material that the steers left in the manger or pulled over 
onto the floor, was gathered up, weighed and sampled for analysis. 

The animals were weighed and watered upon the scales daily at 
noon, being kept in the stable during the rest of the time, upon a 
bedding of sawdust. The dung was weighed at the end of each sue- • 
ceeding twenty-four hours, and an aliquot portion taken for analysis. 

The samples on being taken to the laboratory were quickly dried, 
and so stored as to prevent any material change before analysis. 

In the conduct of these experiments the writer is to be credited 
with the planning and supervision, while he is indebted to Mr. W. H. 
Caldwell for the care of details of feeding and sampling, and to Messrs. 
G. L. Holter and W. S. Sweetser for the analytical portion of the 
work. 

Rye. 

When " soiling rye " is mentioned, such a crop is not meant as is 
obtained when rye is grown for grain, but one obtained by very thor- 



Digitized by LjOOQIC 



Off. Doc] 



PsimBTLyANiA State OoLLsaK. 



81 



ough tillage, high manuring and thick sowing. Oar practice is as 
follows : At successive intervals, from early September to the last of 
October, rye is sown at the rate of four bushels per acre upon ground 
which has been deep plowed, thoroughly cultivated with a spring 
harrow, and before plowing, covered with as much well rotted yard 
manure as can be plowed under. These sowings yield crops develop- 
ing at several periods closely succeeding one another during the fol- 
lowing May and early June. It is probable that the time of sowing 
and the date when the crop has attained a sufScient development to 
be fit for feeding, may vary several weeks either way, with the range 
of variation in the climatic conditions in this State. It is sometimes 
the practice to pasture the rye in the late fall, to cut it in the spring 
some time before the formation of heads, and then to use the second 
crop which springs up shortly after. If the heads are allowed to form 
before this first cutting, the growth of rye for the second crop will be 
very sparse and unsatisfactory in quality. It is the practice here, 
however, to cut the crop at a somewhat later date, at the time of the 
formation of the head, or shortly after, and to break the land for a 
soiling crop of a different kind for use later in the season. 

After the preliminary feeding, in which the steers were gradually 
transferred from dry food to exclusive feeding on rye, the feeding of 
definite quantities was begun, the date being May 2Lst. Eighty 
pounds per day of the freshly cut rye was fed in two feeds to each 
steer. The collection of dung was begun May 28th at noon, and con- 
tinued till June 2d. 



COMPOSITION. 

The rye was well advanced in maturity for soiling purposes when 
the experiment was begun, and before it was completed had become 
a little more mature than is desirable in practice. The samples taken 
on the diflFerent days of experiment from May 21st to June 1st were 
united for analysis, the results of which are as follows : 



Moisture, 

Fat, 

Fiber, 

Nitro^en-firee extract. 

Protein, 

Ash, 



Per cent of total nitrogen in a non-albuminoid state, 



In green 
substance. 



Per cent. 
84.33 
77 
4.72 
6.36 
2.50 
1.33 



100.00 



In water- 
free substance. 



•Per cent 



4.89 
30.14 
40.51 
15.99 

8.47 



100.00 



50.48 



These results are seen to agree very well with those obtained from 
6a Statb Gollsgb. 
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earlier analyses. A large proportion of the nitrogen is present in a 
non-albuminoid form. 

During the feeding of the rye the steers did not change appreciably 
in weight, but steer No. 2 was apparently in not quite as good condi- 
tion as No. 1. The amount of water drunk was surprisingly small. 
The excretion of dung was more regular with No. 1 than with No. 2. 
The table below shows in detail the amounts of fodder fed, left un- 
eaten and excreted undigested by each animal during the five days 
beginning with May 28th. The results are stated in ounces instead of 
pounds for convenience in comparison. 
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The statement of digestibility in the above table has been made for 
the sake of comparison with certain German results obtained before 
the distinction between albuminoid and non-albuminoid nitrogen was 
so clearly drawn as it is to-day. A fairer idea of the relative digesti- 
bility of the true albuminoids may be obtained from the following 
table, in the calculation of which the non-albuminoids are assumed to 
be wholly digestible, and are, for convenience in comparison, repre- 
sented by 6.25 times their content of nitrogen, just aslhe albuminoids 
are. 





Albuminoids. 


Kon-albuminoids. 


steer 1. 

Fed, 


Ounces. 
75.12 
32.12 


Ounces. 
82.97 


Excreted, 




Difirested. 


43.00 

67.25 percent 


82.97 


Coefficients, 


100.00 percent 


Bteer2. 

Fed, 


74.92 
33.71 


82.71 


Excreted, 








Digested, 


41.21 

65.00 percent 


82.71 


Coefficients, 


100.00 per cent 


Mean coefficients. 


66.12 per cent 


100.00 per cent 





These figures show a very high degree of digestibility for soiling 
rye ; much higher than those obtained for most coarse fodders. The 
German coefficients used in calculating the yield of digestible food per 
acre of soiling rye, as stated in the report for 1887, are those given by 
Julius Kiihn,* which do not take into account the difference between 
albuminoid and non-albuminoid substances; they are as follows : of 
protein, 57 per cent. ; of fat, 46 per cent.; and of nitrogen free ex- 
tract and fiber, quantities that together equal the total amount of 
nitrogen-free extract fed. These German figures assign a relatively 
low rate of digestibility to the fat and protein of fodder rye. It is 
seen from the results of our investigations that the crop obtained in 
the manner heretofore described, is far superior in value to the Ger- 
man crop ; that not only do all the constituents possess a greater di- 
gestibility than tnat mentioned by Kiihn, but the proportion of digesti- 
ble protein to the other food constituents digested is considerably 
greater, thus making the relative proportions of these two classes of 
substances approach more closely those existing in pasture grass. 

An attempt has been made to express the nutritive value of a food 
by the proportion of digestible nitrogenous matter, calculated as 
albuminoids, to a sum obtained by adding the amounts of digestible 
fiber and nitrogen-free extract to two and one-half times the amount 
of digestible fat, the fat having about two and one-half times as much 

*Armsby'8 Manual of Cattle Feeding, p. 488. 
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heat producing power as the constituents of the two groups associated 
with it in this ratio, which is called the nutritive ratio. These ratios, 
as ordinarily stated in papers on feeding, do not often, as yet, take 
into account the effect of the presence of non- albuminoids upon the 
digestibility and nutritive value of the protein. Weiske, from his 
experiments with sheep, assigned to pasture grass a nutritive ratio 
of 1 : 2.6. Results recently obtained at this station, and stated else- 
where in this report, show a nutritive ratio of 3.7 for rather mature 
pasture grass. Wolff states, as the results of numerous experiments, 
that 5.4 is the proper nutritive ratio of the food for milch cattle. 

From our earlier investigations, with the use of Kiihn's coeflBcients 
of digestibility, rye, in its earlier stages of growth, was given a nutri- 
tive ratio of 3.9, 55 per cent., of the total dry substance being con- 
sidered digestible; while that taken at the last stage of maturity at 
which it was fitted for soiling purposes, was assigned a nutritive ratio 
of 1 : 6.5, 58 per cent, of the total dry substance being calculated as 
digestible. The figures from this digestion experiment indicate, how- 
ever, that over 70 per cent, of the total dry substance is digestible, 
and that the material digested has a nutritive ratio of 1 : 4.8. In other 
words, the results indicate that soiling rye obtained from very fertile 
soil, when cut at the period of development when the head is about 
forming, possesses not only a much larger proportion than was for- 
merly supposed, of material in such condition as to be available to 
the animal for milk production, but also that the constituents are 
present in such relative quantities as to fit the foddiT for such use 
without the addition of other more concentrated nitrogenous fodders. 

By the use of data obtained in this experiment, the yield per acre 
of digestible substances, as obtained in this year's crop, has been cal- 
culated. These results will h^ found in that portion of the report 
treating of the yield and nutritive value of soiling crops. 

Olover. 

This soiling crop was grown upon land which had been treated with 
large quantities of yard manure. The seeding was heavy, consisting 
of about six quarts of clover seed and two quarts of timothy per acre. 
The crop being first year's growth, the timothy constituted a very 
small proportion of the yield. The growth was very rank, and the 
clover had lodged and matted badly, and the stems were coarse. 
Owing to the delay caused by the necessity of preliminary feeding, 
and to the fact that clover, in our soiling rotation, is used to fill only a 
short interval, the material thus used was more mature than the aver- 
age crop fed in practice. The heads had, in great measure, turned 
brown before the completion of the experiment. 

In this experiment, owing to the rapidly advancing maturity of the 
clover, the preliminary feeding was shortened more than was desir- 
able. The irregularity of excretion was, however, no greater than in 
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the experiment with rye, so that it is probable that no serious disturb- 
ances could have resulted from the variations in the quantity of food 
fed during the preliminary period. 

The feeding of the clover was begun June 2, at noon. The ration 
offered was sixty pounds per day, in two feeds, to each animal, until 
June 8, when it was increased to seventy pounds, and a further in- 
crease to eighty pounds was made on June 11. The collection of 
dung began June 11, and was continued for five days. 

There was a little material left uneaten in several instances, Jt>ut it 
consisted chiefly of foreign matter, and a very small proportion of old, 
hard clover stems, so slight in quantity as to be safely neglected. 

COMPOSITION. 

The average composition of the clover gathered from June 3 to 16 
is as follows : 



Fresh 
substance. 



Water-free 
substance. 



Moisture, 

Fat, 

Fiber, 

Nitroffen-free extract. 

Protein, 

Ash, 



Per cent of total nitrogen in a non-albuminoid state, 



Per cent, 
84.64 
.81 
3.06 
5.73 
3.43 
2.83 



Per cent, 

'5.27 
19.93 
37.32 
22.29 
16.19 



100.00 



100.00 



10.59 



As compared with Kiihn's averages of German analyses of green 
clover, these figures show that the soiling clover had slightly more 
water and about the same proportion of protein and fat; but that it 
was strikingly deficient in nitrogen-free extract and fiber. The pro- 
portion of hon- albuminoids is low for clover. 

RESULTS. 

As in the preceding experiment, there was practically no change 
in the body weight of the animals, and little water was drunk, 
though more than with .rye. Here, too, the rate of excretion was 
more regular with No. 1 than with No. 2, the latter being slightly out 
of condition. 
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Making a calculation of coefficients on the assumption that the non- 
albuminoid nitrogen is wholly digestible, the results would be as 
follows : 





True albuminoids. 


Non-albuminolda 


steer No. 1. 

Fed, 


Ounr.es, 
191.07 
tf7.80 


Ounces. 
22.63 


Excreted, 








Digested, 


123.27 
64.52 per cent 


22.63 


Coefficients, 


100 per cent 


Steer No. 2. 

Fed, 


195.3 
73.9 


22.9 


Excreted, 








Digested, 


121.4 
62.16 per cent. 


29.9 


Coefficients, 


100 neroent 






Mean coefficients, 


63.34 per cent. 


100 percent 





For comparison there are presented in the following table: 

1. The mean coefficients of digestibility obtained in this experiment; 
Kiihn's averages for 

2. Green clover, just before blossoming; 

3. Green clover, beginning to blossom; 

4. Green clover, in full blossom ; 

5. Green clover, nearly out of blossom. 

Digestion Coefficients. 



Total dry matter, . . 

Fat, 

Fiber, 

Nitrogen-free extract. 

Protein, 

True albuminoids. 
Ash, 



Per ct. 
66.1 
64.5 
52.6 
77.6 
67.0 
63.3 
55.0 



Per cL 



62 
55 
76 
73 



3. 



Per cL 



71 
56 

77 
74 



Per ct. 



63 
48 
70 
67 



Perct. 



45 
89 
71 
59 



Since the soiling clover used here was past the period of full bloom, 
it would represent a stage between 4 and 5; but its digestibility, es- 
pecially as regards nitrogen-free extract and fiber, is greater than the 
average lor clover in full blossom. As clover is seen, by the above 
table, to deteriorate rapidly with age, these results indicate a superiority 
on the part of the clover grown on highly fertile soil. It will be re- 
membered, too, that this crop contained more nitrogen in proportion 
to the non-nitrogenous ingredients, than the average crop. Its nutri- 
tive ratio was 1:3.2. Wolfs standard for milch cattle being 1:5.4, it 
follows that to prevent waste of nitrogen, coarse fodders and grains 
deficient in this constituent should be fed with clover. The yield per 
acre of digestible matter has been calculated from these data, and is 
presented later in the report. 
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The method of raising soiling corn is as follows : The soil from 
which rye or clover has been cut is treated with about twenty two- 
horse loads of manure per acre. After plowing, the ground is thoroughly 
harrowed with a spring harrow, rolled, and then seeded down with four 
bushels of Dent corn, sown in drills three feet apart. The crop is fre- 
quently cultivated as long as it is possible. Feeding is begun when 
the stalk attains a height of four to five feet, and it is fed up as 
rapidly as possible after that time. 

The corn used in this experiment was grown on the garden soiling 
plot. It was four or five feet high at the beginning of the feeding, but 
before the close had grown considerably, though it had not begun to 
harden. It was fully as young as would be fed in practice. 

For several weeks prior to this experiment, the steers had been fed 
upon soiling corn from other plots. The feeding of definite quantities 
began on August 9, with eighty pounds. This amount was increased on 
August 12, to ninety, and on the 13th to one hundred pounds. During 
the whole experiment no residue was left uneaten. The period of dung 
collection continued from August 19, at noon, to the 24th. 

COMPOSITION. 

TJie samples taken from August 9 to 23, were put through the 
chopper before being carried to the laboratory, to allow more thorough 
sampling. The mean composition of these samples is shown in the 
following table : 



Green. 



Water-free. 



Moisture, 

Fit, 

Fiber, 

Nitro^n-free extract, 

Protein, 

Ash, 



Per cent, 
90.04 
.40 
2.70 
3.92 
1.72 
1.22 



Per cent. 



3.98 
27.14 
89.32 
17.28 
12.28 



100.00 



100.00 



Per cent, of total nitrogen in a non-albuminoid form. 



14.S^ 



be: 



The average composition of maize fodder is stated by Jenkins * to 

Per cent 

Water, 86.90 

Fat, 20 

Fiber, 4.10 

Nitrogen-free extract, 6.50 

Protein, 1.10 

Ash, 1.20 

100.00 
♦ Armsby*8 Manual of Cattle Feeding, p. 478. 



Digitized by VjOOQIC 



90 Annual Report of the [No. 17, 

The soiling corn is seen to be more watery that the average fodder 
corn, and it contains more fat and protein and less fiber and nitrogen- 
free extract. A comparison with a number of analyses collated on 
page 124 of the report for 1887, shows that the differences between 
those crops and this were even greater than the early stage of develop- 
ment would lead us to expect. The extreme richness in protein must 
be attributed to the high fertility of the soil. The proportion of 
nitrogen in a non-albuminoid condition, was very low, considering the 
stage of development attained by the crop, and the fertility of the 
soil. 

RESULTS. 

No considerable changes in body weight were noted during the ex- 
periment. Steer No. 1, frequently drank water in considerable quan- 
tities; No. 2, took none after the first day. The excretion of dung 
was more regular with No. 2 then with No. 1. The detailed results 
are shown in the following table : 
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On the assumption that the non-albuminoids are wholly digestible, 
the results would be as follows : • 





True albuminoids. 


Non-albuminoids. 


steer No. 1. 

Fed, 


Grama, 
3,318 
787 


Qrama. 
585 


Excreted, 




Digested, 


2,531 

72.26 per cent 


585 


Coefficients, 


100 per cent 


Steer No. 2. 

Fed 


3,318 
921 


585 


Excreted, 








Digested, 


2,397 

76.30 per cent 


585 


Coefficients, 


100 per cent 




Mean coefficients, 


74.28 per cent 


100 per cent 





For comparison there are presented in the lollowing table : 

1. The mean coeflScients of digestibility obtained in this experiment. 

2. The mean coefficients for very good green maize fodder obtained 
from European experiments. 

3. The mean coefficients for com stover obtained here in earlier ex- 
periments. 



Total dry matter, . . 

Fat 

Fiber, 

N itro^en-free extract, 

Protein, 

True albuminoids, . 
Ash, 



Pennsyl- 
vania lod- 
der, green. 



Per cent, 
68.7 
40.0 
74.7 
70.8 
78.1 
74.8 
60.7 



German 
fodder, 
green. 



Per cent, 

75.' 
72. 
67. 
73. 



Pennsyl- 
vania 
stover. 



Per cent. 
62 
52 
66 
64 
52 
42 
45 



These figures show that the soiling»corn from very fertile ground is 
highly digestible, especially as regards protein. The fat seems, in 
this case, to have been exceptionally indigestible, and very probably 
consisted largely of wax. 

The nutritive ratio of this corn is 1:3 7. When it is recalled that 
the standard for milch cattle is placed by Wolff at 5.4, and that our 
experiments of 1887 assigned to well cured stover a ratio of 15, the 
remarkably high value of this young soiling corn for milk production 
is seen. 

Summary. 

The following tables are presented to permit the ready comparison 
of the composition and digestibility of the preceding soiling crops — 
rye, clover and corn — with that of pasture grass as determined by 
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Armsby at this Station, and Weiske at Proskau; and with that of 
timothy hay, as determined by Jordan at the Maine station. 

Composition, 





Rye. 


Clover. 


Com. 


Pasture. 


Timothy 


1 


Armsby. 


Weiske. 


hay. 


Moisture, 

Water-free substance: 

Fat, 

Fiber, 

Nitrogen-free ex- 
tract, 

Protein, 

Ash, 

Per cent of total 
nitrogen in non- 
albuminoid, form. . 


84.33 

4.89 
30.14 

40.51 

15.99 

8.47 

52.48 


84.64 

6.27 
19.93 

87.32 
22.29 
15.19 

10.59 


90.04 

3.98 
27.14 

89.32 
17.28 
12.28 

14.98 


73.37 

6.24 
18.25 

44.39 

21.89 

9.23 

4.82 


5.09 
16.74 

42.09 

27.07 

9.01 


11.84 

3.01 
32.58 

53.48 
6.70 
4.23 









Digestibility. 





Rye. 


Clover. 


Com. 


Pasture. 


Timothy 




Armsby. 


Weiske. 


hay. 


Total dry matter, . . 

Fat, 

Fiber, 


Per ct, 
73.6 
74.2 
79.6 
70.6 
79.1 
56.1 
55.5 


Per ct, 
66.1 
64.5 
52.6 
77.6 
67.0 
63.3 
65.0 


Per c\ 
687 
40.0 
74.7 
70.8 
78.1 
74.3 
60.7 


Per ct. 
70.0 
57.6 
75.5 
72.7 
68.8 
59.37 
62.7 . 


Per ct, 
68.7 

« 

67.3 
76. 8t 
77.4 


Per ct, 
51.6 
56.0 
42.8 


Nitroff en-free extract, 

Protein, 

True albuminoids, . 
Ash, .... 


68.9 
45.2 








Nutritive ratio, . 


1:4.8 


1:3.2 


1:3.7 


1:3.7 


1:2.6 


1 : 16.4 



In comparing these data it should be remembered that the rye and 
clover were a little more, and the corn a little less, mature than is 
usual with these crops as fed. The pasture, too, was richer than that 
represented by the average of European analyses; that of Weiske 
being in all probability younger, and grown upon moister soil. The 
timothy hay was cut a couple of weeks past blossom. 

Comparing the soiling crops with each other as regards composition, 
it is seen that the chief differences are in the content of protein and 
fiber, and that the crop containing the higher percentage of protein 
contains the less of fiber; for the crops, in the order of richness in pro- 
tein are clover, corn and rye; but, in the order of fiber content, are 
rye, corn and clover. The digestion coeflScients show, moreover, that 
even with crops of the same character but from different species, the 
chemical composition is not certainly indicative of the feeding value; 



*Stated with nltroffen-free extract, tinoludes fat 
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for of these crops, those having the greater quantity of fiber possess it 
in more digestible condition. Moreover, the same plants have their 
smaller proportion of protein also in a more digestible state than it is 
in the rich clover. Owing to the large proportion of non albuminoid 
nitrogen in the rye, the digestibility of the true albuminoids appears 
greatly reduced. The nitrogen-free extract or starch of the clover, 
seems more digestible than it is in the other crops. 

Comparing these crops with pasture, it is observed that the latter, 
if it be of good quality, contains only a little more protein and fat 
than clover, and less fiber and more nitrogen free extract than either 
of the soiling crops. The differences between the digestibilities of 
the different samples of pasture grass, are as great as those between 
pasture and any of the soiling crops. In general, it may be said that 
the pasture is slightly more digestible than the crops used for soiling 
purposes, *nd as a rule richer in nitrogen. 

The deficiency of timothy hay in nitrogen and the comparatively 
low digestibility of its important nutrients, especially in the case of 
protein and fiber, are so prominent as scarcely to require mention. 

Finally, a consideration of the nutntive ratios indicates more con- 
cisely the comparative values of these foods as regards their fitness in 
relative proportion of the several classes of nutrients, to serve for 
the purposes of milk production. Accepting WolflPs standard ratio 
for milch cattle, 1 : 5.4, both the soiling crops and pasture are seen to 
furnish a greater proportion of nitrogen than is necessary ; therefore, 
the wisdpm of the usual practice of adding hay and grains of a me- 
dium ratio to milk rations, is confirmed by the results of these experi- 
ments. Otherwise, there will result an excessive consumption of 
costly nitrogenous constituents without a corresponding gain in pro- 
duct. Because, however, of the great amount of dry majter in tim- 
othy hay as compared with pasture or soiling fodders, and because its 
nutritive ratio departs far more extremely to one side from the stand- 
ard than those of the latter materials do to the other side, it is appa- 
rent that it will require no relatively great addition of hay to the 
green food to widen the ratio of the ration to the standard. If it is 
desired to utilize any considerable proportion of hay, it can only be 
done economically by the use of grains or grain products of narrow 
ratio, in addition to the soiling crops. 

As a whole, then, these experiments show that the soiling crops arc 
more highly valuable for milk production than any data previously 
at command warranted us in believing; so that, unless further inves- 
tigation should disclose unfavorable dietetic effects, which there is 
now no reason to suspect, it may safely be concluded that as far as 
the materials themselves are concerned, they are equally as valuable 
as pasture grass for their purpose. As stated in another part of this 
report, there is no diff'erence apparent in the composition of the milk 
produced with soiling crops and pasture ; though no test has been 
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made of relative churnability. But before any conclusions can be 
reached concerning the comparative economy of soiling and pasture 
systems under given conditions, there are questions to be settled con- 
cerning the cost of producing and handling the crops. 



Yield and Nutkitive Value op Soiling Okops. 



BY H. p. ARMSBY AND WM. H. CALDWELL. 



As before stated, the object of this part of the investigation was to 
observe the system as actually practiced here. The information thus 
gained may perhaps be made the basis for future investigations and 
improvements in the system. The soiling crops used were rye, clover 
and com. The interval between clover and com has been hitherto 
filled up by the use of grass cut along the sides of the drives, and in 
various other places, but this was not made the subject of experiment. 
The crops mentioned above are grown on specially rich ground, 
heavily manured, m order to obtain the greatest possible yield, and 
to diminish the relative cost of cutting and hauling. Further details 
upon these points may be found in the preceding paper upon the di- 
gestibility of soiling crops. 

The plan of the experiments originated with the Director, and the 
discussion of the results is also his work. The details of the experi- 
ment were cared for entirely by Mr. Caldwell, while the analytical 
work involved was performed by the Station's assistant chemists, 
Messrs. Patterson, Holter.and Sweetser. 

COMPOSITION OF SOILING CROPS. 

The composition of any growing crop varies from day to day. No 
special analyses of the soiling crops were made in connection with 
these experiments, the computations which follow as to the yield of 
the several nutrients in the soiling crops being based upon the analy- 
ses made in connection with the digestion experiments described 
above. The following brief summary of these results is given here 
for convenience of reference : 

Percentage Composition of Soiling Crops — Green. 



Water. 



Rye, May 21-27, . . 
Rve, May 2&— June 1, 
Clover, June 8-10, . . 
Clover, June 11-15, . . 
Com, Aug. 9-18, . . . 
Com, Ang. 19-20, . . . 



85.13 
83.53 
85.66 
83.62 
90.26 
89.81 



Ash. 



1.38 
1.27 
2.14 
2.58 
1.82 
1.12 



Albumi- 
noids. 



1.18 
1.21 
8.08 
2.74 
1.52 
1.40 



Non-albu- 
minoids. 



1.58 
1.06 
0.18 
0.90 
0.28 
0.24 



Crude 
fiber. 



8.99 
5.51 
2.71 
8.44 
2.50 
2.92 



N.-free 
extract. 



5.96 
6.78 
5.49 
5.95 
3.68 
4.15 



Fat 



0.83 
0.69 
0.79 
0.82 
0.44 
0.36 
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Percentage Composition of Dry Matter of Soiling Crops. 

Fat 



Rye, May 21-27, . . . 
Rye, May,28-June 1, 
Clover, June 3-10, . 
Clover, June 11-15, 
Corn, Aug. 9-18, . . 
Corn, Aug. 19-23, . 



Ash. 


Albumi- 


Non-albu- 


Crude 


N.-free 


noids. 


minoida 


fiber. 


eztracu 


9.28 


7.58 


10.64 


26.81 


40.12 


7.67 


7.35 


6.42 


33.47 


40.88 


14.92 


21.49 


0.89 


18.89 


38.27 


15.46 


18.33 


3.87 


20.97 


36.^ 


13.60 


15.55 


2.88 


25.61 


37.89 


10.97 


13.81 


2.31 


28.66 


40.75 



5.57 
4.21 
5.54 
5.01 
4.47 
3.50 



TIBLD PER ACRE. 

This, like the composition* varies from day to day. The soiling crops 
were cut twice per day, and the area cut was measured once in from 1 
to 4 or 5 days, except in the case of the corn of which only two measure- 
ments were taken ; the first, that of the area cut during the first four days 
of the feeding, and the other covering the remainder of the period. The 
soiling rye was from two different plots, of which the second was con- 
siderably the richer. The yield in pounds per acre at the several dates 
is shown in the table below : 



Yield of the Soiling Crops. 
Rye. Lh9, per a^re. 

May 15-17, 15,680 

^' 18, 11,200 

" 19, 12,230 

" 20-21, 17,320 

'' 22, 9,541 

Average of the first plot, 13,670 

May 23, • 13,850 

'' 24-25, 18,440 

" 26-27, 15,450 

'' 28-31, 18,300 

June 1-4, 25,980 

Average of second plot, 18,660 

Average of all, 15^?90 

Clover : 

June 4-8, 23,680 

" 9, 31,280 

« 10-12, 28,010 

" 13-16, 28,110 

Average, 26,650 
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Corn: 

July 24-27, 23,420 

" 28-Aug. 15, 16,900 

Average, 17,890 

Taking the average results per acre as the basis of computation^ 
and the average of the two analyses of each crop, given above, as 
representing the average composition of that crop, we find the jdeld 
per acre of the several ingredients of these crops to have been as 
follows : 
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ANIMALS. 

Seven cows were used for this experiment. As has been already 
noted, they were only very ordinary milkers, so that they are far from 
showing the best results that could be obtained with the soiling system. 

FEBDINO. 

For the first week of the experiment, beginning May 8, the cows re- 
ceived as nearly as possible the same feed that they had been having 
up to that time, consisting of hay, bran and chop (about equal parts 
of corn and oats ground together). The first feed of the rye was given 
on the afternoon of May 15, and thereafter they received about half 
their total fodder in the form of soiling, the remainder consisting of 
hay and grain as before. The grain and hay were weighed out in ad 
vance in sufficient quantity to last for a number of days, and were fed 
to the cows in accordance with the judgment of the herdsman, he 
being instructed to feed as nearly as possible as he had been in the 
habit of doing in previous years. No attempt was made to ascertain 
the amount eaten by each individual cow. The amount of soiling fed 
was, of course, weighed twice daily immediately after cutting. The 
following table shows the amounts of the several fodders actually 
eaten per day and head. The last portions of hay and grain weighed 
out for the rye period were more than sufficient to complete that 
period, and the residues were not weighed but were simply carried 
over to the clover period, consequently the amounts of hay and grain 
eaten, as given in the table, are the average of these two periods, and 
may have varied somewhat in the single periods, although probably 
not very much. 

Eaten per Day and Heads — P^mnd$, 



PreUminary, May 8-15, 
Rve, Mavl6-Juiie4, . . 
Clover, June 4-16, . . 
Com, July 24- Aug. 15, . 



Chop. 



2.<J7 
2.64 
2,67 



Bran. 



l.-S? 
2.40 
1.67 



Hay. 



18.47 
6.74 
5.56 



Soilingp. 



66.19 
69,62 

83.09 



Samples of the hay and grain used were taken at different times 
during the experiment and analyzed witk the following results ; 

CompositUn ef Grain and Hay. 





W«ter. 


Ash. 


Aibumi- 
ooids. 


Non-albu- 
minoids. 


Crude 
fiber. 


N.-free 
extract 


Fat 


Hay, . . . 
Bian, « . . 
Chop, . . 


14.00» 
10.95 
9.98 


5.78 

11.69 

8.87 


8.91 
14.40 
9.83 


1.62 
1.18 


25.14 

4,81 
3.89 


41.32 
61.56 
61.«I 


3.23 

3.58 
6.23 



^Assumed as average water content 
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The composition and digestibility of the soiling crops has been 
already given. On the basis of these figures and assuming average 
digestibility for the hay and grain, we may calculate the composition 
of the daily rations : 

Rations Eaten. — Pounds Per Head, 



• 


Total 

dry 

matter. 


DlQBSTIBIiE. 




Albumi- 
noids. 


Non- 
albumi- 
noids. 


Carbhy- 
drates. 

1.09 
0.81 
7.38 


Fat 


Preliminary Feeding, 

2.07 Ibe. chop, 

1.67 lbs. bran, 

18.47 lbs. hay, 


1.86 

1.76 

15.89 


0.16 
0.21 
0.81 


0.02 
0.06 
0.30 


0.09 
0.05 
0.29 


Period I. 

2.64 lbs. chop, 

2.40 lbs. bran, 

6.74 lbs. hay, 

66. 19 lbs. green rye, 


19.60 


1.18 

0.20 
0.25 
0.25 
0.44 


0.38 


9.28 


0.43 


2.38 

2.14 

4.93 

10.38 


0.03 
0.08 
0.09 
0.87 


1.38 
0.99 
2.29 
6.46 


0.12 
0.06 
0.09 
0.38 


Period II, 

2.64 Iba. chop, 

2.40 lb«. bran, 

5.74 lbs. hay, 


19.83 


1.14 


1.07 


10.12 

1.39 
0.99 
2.29 
4.21 


0.65 


2.38 

2.14 

4.93 

10.68 


0.20 
0.25 
0.25 
1.34 


0.03 
0.07 
0.09 
0.26 


0.12 
0.06 
0.09 


69.62 lbs. green clover, . . . 


0.36 


Period IV. 

2.67 lbs. chop, 

1.67 lbs. bran, 

5.66 lbs. hay, 

83.09 lbs. green com, .... 


20.13 


2.04 

0.19 
0.18 
0.24 
0.90 


0.45 


8.88 


0.63 


2.32 
1.49 
4.78 
8.28 


0.03 
0.05 
0.09 
0.22 


1.35 
0.69 
2.22 
3.98 


0.11 
0.04 
0.09 
0.20 




16.87 


1.61 


0.89 


8.24 


0.44 



For convenience of comparison the figures of the above table have 
been condensed into the shorter table which follows, showing the 
amount of total dry matter and of its several digestible ingredients 
which was eaten per day and head in the several periods. For com- 
parison there is added in the last line of the table the German feed- 
ing standard for milch cows, calculated for animals weighing 850 lbs., 
which was abo\it the average weight of these cows : 
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Preliminary, . . . 

Period I, 

Period II, . . . 

Period III 

German standard pr. 
850 lbs. live weight, 



Total dry 
matter. 



19.50 
19.83 
20.13 
16.87 

20.40 



DlQESTIBLE. 



Albami- 
noids. 



1.18 
1.14 
2.04 
1.51 



Non-alba 
miAoids. 



0.38 
1.07 
0.45 
0.39 



2.13 



Carbhy- 
drates. 



9.28 
10.12 

8.88 
8.24 

10.63 



Fai 



Total. 



0.43 
0.65 
0.63 
0.44 

0.34 



11.27 
1298 
12.00 
10.5^ 

13.10 



N tttritivt; 
ratla ' 



1:6.6 
1:5.3 
1:4.2 
1:4.9 

1:5.4 



As will be seen, the ration varied more or less from period to period, 
but was in no case very greatly different from the feeding standard. 
In the rye period it was very nearly the same. In the clover period 
the amount of protein in the ration was greater and the amount of non- 
nitrogenous matter less than in the feeding standard, while in the 
com period the ration was below the feeding standard in all respects^ 
The total amount of digestible matter eaten was least in the corn 
I)eriod and greatest in the rye period. The proportion of prot^ein in 
the ration was rather greater in the last two periods than is called for 
by the feeding standard. This, however, rather improves the quality 
of the ration than otherwise, the writer having shown by numerous 
experiments that the greater the proportion of protein in a ration, 
other things being equal, the greater is the amount of milk which it 
will produce. 

YIELD OF MILK. 

The milk produced by the cows under experiment was weighed 
immediately after milking, and an average sample was taken for 
analysis. In the table which follows are given the average yield of 
milk per day and head for each period and also the number of pounds 
of total solid matter, of fat and of protein contained in the milk : 

Average Yield of Milk and its Constituents. — Pounds ver Head. 



Preliminary, 
Period I, . 
Period II, . 
Period III, 



Total 
milk. 



14.46 
14.80 
14.51 
13.22 



Milk 
solids. 



1.84 
1.93 
1.89 
1.68 



Milk 
fat. 



.60 
.64 
.63 
.60 



Milk 
protein. 



0.44 
0.46 
0.42 
0.41 



COMPOSITION OP MILK. 



The average percentage composition of the milk in each period was 
as follows : 
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Preliminary, 
Period I, . . 
Period II. . 
Period III, 




Protein. 



3.01 
8.14 
2.92 
3.08 



The quality of the milk,a8 measured by the percentage of solid mat- 
ter, was slightly better in periods I and II than in the other periods, but 
the differences are slight and we may siy, in general, that the varia- 
tions in the feeding had very little influence upon the composition 
of the milk. 

RATIO OP FOOD TO PRODUCT. 

The quantity of food eaten having varied in the different periods, we 
may compute approximately the nutritive value of the food by calculat- 
ing how many pounds of food were required to produce one pound of 
milk or butter in each period. We may make the basis of this comparison 
the total dry matter of the food or, what is probably preferable, the 
amount of digestible matt-er contained in the food. In the subjoined 
table both methods of calculation have been used. We were not able 
in these experiments to actually make butter from the milk, and con- 
sequently we cannot say exactly how much butter it might have 
yielded, but as an approximate measure of this amount, we may take 
the amount of fat contained in the milk. While in butter making we 
do not separate all the fat from the milk, the weight of the butter is 
increased by the amount of water and other ingredients besides fat 
which it contains, so that the weight of butter produced is frequently 
as great or even greater than the weight of fat in the milk. At any 
rate, we may secure in this way to a certain degree a comparison of 
of the several periods. 

Required to Produce One Pound of Milk [with 12 per cent, of Solids.] 



Preliminary, 
Period I, . . 
Period II, . , 
Period III, . 



Total dry 
matter. 



1.27 
1.24 
1.2S 
1.21 



Digestible organic 
matter. 



0.78 

0.81 
0.76 
0.76 
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Preliminary, 
Period I. . 
Period TF, 
Period III, 



Total dry 
matten 



32.50 
30.98 
81.73 
28.09 



Digestible organic 
matter. 



18.77 
20.28 
18.92 
17.04 



YIELD OF MILK AND BUTTER PER ACRB. 

The proportion of the total digestible matter of the ration which 
is furnished by the hay, the grain and the soiling crops respectively, 
was nearly the same in the different periods, with the exception of the 
preliminary feeding, and in this the proportion furnished by the grain 
was nearly the same as in the others. The exact figures are as fol- 
lows : 



Percentage of Digestible Matter Supplied b^/ 






Hay. 


Soiling. 

* 55.07* 
51.40 
60.04 


Grain. 


Preliminary, 


77.91 
20.98 
22.71 
24.95 


22.09 


Period I 


28.95 


Period II 


25.89 


Period III, 


25.01 






Average I, II and III, 


22.88 


52.17 


24.95 







While in the preliminary feeding the hay furnished fully three-fourth 
of the digestible matter of the ration, it furnished less than one fourth of 
it in the other three periods, the remaining half being supplied by the 
soiling crops. Nevertheless, we find, on reference to the last table, 
that the amount of digestible matter required to produce a pound of 
milk or of butter was not greatly different in the several periods, and 
considering the approximate nature of our estimates of digestibility 
it does not appear that there was any obvious gain from the in- 
troduction into the ration of green food. This conclusion is strongly 
confirmed by the results of the experiment with green and dried 
grass reported on previous pages. It would appear, then, that the soil- 
ing crops were valuable in proportion to the amount of digestible 
matter which they furnished* and we may therefore* properly credit 
them with a proportion of the milk production corresponding to the 
proportion of the total digestible matter which they furnish. On this 
basis we obtain the following figures for the amount of the milk, and 
of the milk fat [buiter] produced by the soiling crops : 
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Product Due to Soiling, — Pounds per Day and Head. 





Milk [with 12 
cent solid]. 


per 


Milk fat 
[butter]. 


Period I, 


8.83 
8.03 
7.00 


0.85 


Period II, 


0.34 


Period III, 


0.30 







Making allowance for the small amounts of soiling left uneaten, the 
soiling for one cow for one day was supplied on the average by the fol- 
lowing areas : 

Rje, 181.5 square feet. 

Clover, 113.6 square feet. 

Corn, 208.3 square feet. 

From this table, and the one last given, we can calculate the 
amount of milk and of butter produced per acre of soiling crop. In 
order to make a perfectly fair comparison the yield of milk is calcu- 
lated from the yield of milk solids, on the assumption that the milk 
contains uniformly 12 per cent, of solids and 88 per cent, of water. 

Yield of Milk and Butter per Acre. Pounds. 



MHk. 



i 

Rye, I 2120 

Clover, 3098 

Corn, 1608 



Butter. 



84 
125 
65 



COMPARISON WITH PASTURE. 

The above fiaures furnish a basis for the comparison of pasturage 
and soiling. We cannot, however, compare the yields as above given 
directly, because, of the three soiling crops, we may grow either rye 
and corn or clover and corn on the same ground in one season. 

Relative Areas Required for each Crop. — On the basis of the 
amounts of the several soiling crops actually eaten by the cattle the 
relative area of each required is approximately : Rye, 3 ; Clover, 2 ; 
Corn, 3. We may get this proportion by means of the following two 
eourse rotation : 

l8t year, Sd year, 

One-Hfth of land, Rye and corn. Rye and corn. 

Two-fifths of land, Clover and corn. Rye. 

Two-fifths of land, Rye. Clover and com. 

Yield of Milk and Butter per Season, — From the figure^ given 
above for the amount of milk and butter produced by an acre of the 
several soiling crops, we can compute the yield of one acre of ground for 
•ne season under the above rotation as follows : 
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Milk. Butter. 

Three-fifths acre of rye, 1,272 Iba 50 Iba 

Two-fifths acre of clover, 1,289 lbs. 50 lbs. 

Three-fifths acre of com, 905 lbs. 39 lbs. 

Totals, 8,416 lbs. 139 lbs. 

These figures show, of course, simply the results obtained with the 
particular cows under experiment, and are probably considerably 
lower than they should be with good stock. They may serve, how- 
ever, as a basis for comparison with pasturage. The only comparison 
possible between the two, however, is on the basis of the yield of 
digestible matter per acre, since the cow used in the experiment with 
green grass, already reported, was a better milker than those used in 
this experiment. As has been noted in another connection, such a 
comparison may be somewhat unfair to the pasture grass on account 
of the larger proportion of protein which the latter contains, but we give 
it for what ii is worth. The total product of one acre of pasture for the 
season up to Sept. 29, was found to be 710 pounds of digestible matter. 
The cows used in this experiment required on the average of the 
whole experiment 0.7657 pounds digestible matter to make one pound 
of milk and 18.9 pounds digestible matter to make one pound of 
butter.* At this rate the 710 pounds of digestible matter furnished 
by the acre of pasture would produce 928 pounds milk and 38 pounds, 
of butter, so that the comparison with soiling crops stands as follows : 

Product per Acre. 

Milk. Butter. 

Soiling, 3,416 139 

Pasturage, 927 88 

DiflFerence, 2,489 101 

It is not proposed here to enter into any consideration of the finan- 
cial side of the question as between pasturage and soiling. Some 
preliminary estimates seem to show a decided advantage in favor of 
pasturage, but we have made no exact experiments, and until we are 
able to do so we prefer to keep our conjectures to ourselves. 

Ill conclusion, it caunot be too emphatically stated that the figures 
and comparisons of the foregoing papers are only tentative and pre- 
liminary. No one spot of grass land can represent all pastures. No 
one season can represent all the varieties of climate. No single crop 
of soiling can show all the possibilities there are in the system. 

We are well aware that the above experiments are deficient in many 
respects, and it has been our endeavor to bring forward somewhat 
prominently these deficiencies, in order to guard the reader against 
rash conclusions from our results. We hope to be able to continue 
experiments in this direction, and to reach in time more definite 
results. 

* Assuming total weight of fat in Uie milk to represent the butter product 
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GENERAL FERTILIZER EXPERIMENTS. 



BY WM. H. CALDWELL. 



A system of field experiments for the purpose of comparing the 
effects of various commercial and domestic fertilizers upon the staple 
crops was begun in 1881. Four tiers of thirty-six ^-acre plots were 
laid out for the experiment. A four years' rotation of crops consist- 
ing of corn, oats, wheat and grass was adopted. The following shows 
the occupation of the land fcince 1881, previous to that it having been 
used for miscellaneous field experiments. 



• 


1881. 


J882 

Wheat. 

Oais 

Oorn. 


1«»83 


18 4. 

Oorn. 
Grass. 
Wheat. 
OaU. 


1885. 

Oa's. 
Torn. 
Grass. 
Wheat. 


J888. 


1887 


1888. 


Tlert, 


Oats. 
Corn. 


Grass. 
Wheat. 
Oats. 
Corn. 


Wheat. 
Oats. 
Corn. 
Grass. 


Grass. 
Wheat. 
Oato. 
Com. 


Corn. 


** 2 

•» 8 

•* 4 


Grass. 

Wheat. 

OaU. 



The design of these experiments has been to throw light especially 
upon the following points : 

The comparative effect of the single valuable ingredients of com- 
mercial fertilizers. 

The effect of complete, as compared with incomplete, fertilizers. 

The comparative effect of different forms of nitrogen. 

The necessary artificial supply of nitrogen. 

The comparative effect of commercial fertilizers and yard manure. 

The effect ot lime, ground limestone and plaster. 

The permanency of effect of the different fertilizers. 

The effect of the- various fertilizers upon the comparative growth of 
the different crops. 

The effect of the various fertilizers upon the relation of grain to straw. 

The method of conducting these experiments has been fully described 
several times, and full details in regard to it may be obtained by re- 
ference to the College reports for 1882 and 1883, the latter of which 
was printed in the Agriculture of Pennsylvania for that year, and also 
to College bulletins Nos. 1, 2, 8,9, 11 and 14; compare also the report 
of the Station for 1887. 

The following materials were used as the sources of the several in- 
gredients to be compared : soluble phosphoric acid, dissolved bon^- 
black : leas soluble phosphoric acid, ground bone; potash^ muriate of 
potash ; nitrogen, dried blood, sulphate of ammonia and nitrate of 
soda ; lime^ burnt lime, ground limestone and plaster. 
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The preparation of the soil, the manner and time of seeding, culii- 
vation and harvesting were, as nearly as possible, the same on all plols. 

The fertilizers, with the exception of lime, were applied to the corn 
and wheat, oats and grass receiving none. The lime was applied to 
the corn crop only. 

All the fertilizers except yard manure were sown upon the well 
pulverized soil, and then harrowed in. The yard manure was spread 
and plowed in, as in ordinary farm practice. 

The commercial fertilizers were ured in such quantities that where- 
ever either of the mineral ingredients, potash and phosphoric acid, 
was applied, the same quantity per acre was given ; forty-ei«rht and 
one hundred pounds respectively. Diflferent groups of plots received 
nitrogen from each of the three different sources of nitrogen in quan- 
tities of twenty-four, forty-eight and seventy-two pounds per acre. It 
has unfortunately been impossible until this season to subject the dif- 
ferent fertilizers used to analysis, and these estimates are based upon 
the average analyses of the materials employed, care always being ex- 
ercised to procure a good grade. This season the fertilizers were an- 
alyzed and the exact number of pounds required to furnish the amount 
of nitrogen, phosphoric acid and potash used on the plot were applied. 
The yard manure was the mixed product of the dairy and horse stables, 
and made from hay, cornfodder, soiling crops, corn, oats and bran. 

The soil of the farm is a limestone clay loam through which frag- 
ments of flint are thickjy scattered. The soil is naturally well drained, 
and contains a good supply of organic matter. The depth of the sur- 
face soil is about eight inches, but that of the quite compact subsoil is 
very variable. 

The difliculties encountered in endeavoring to obtain exact equality 
of all conditions affecting the growth of the crop upon each plot, were 
spoken of at length in the last annual report of this Station.* It is 
sufficient to note here that it would not be wise to deduce general con- 
clusions from results of one season or from those of one rotation. Re- 
liance can only be placed on conclusions drawn from repeated tests 
This report, then, is made as one of progress leaving the drawing of 
conclusions until some future time. 

Results for 1888. Single Plots. 

The season of 1888 was more moist and somewhat colder than the 
average, yet good grain crops were secured. 

In the table given below will be found the yield for the season of 
all the plots singly in each tier. The results per acre are expressed in 
tons and bushels. It should be remembered that these are computed 
and not actual yields. The yield of each plot in pounds being multi- 
plied by eight (the plot being one eighth of an acre) and the result 
obtained reduced to bushels and tons. 

♦Report Penn. State CoUege Ag'L Exp. Station for 1887, p. 26 and 27. 
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In order to facilitate the comparison of results in the following tables 
the yields are expressed in pounds and those plots receiving similar 
treatment are grouped together and the average yield given. 

Corn. 

With the exception of the autumn months, the season of 1888 was 
favorable for corn. The fall rains greatly hindered the successful cur- 
ing of the stover. The table given shows the yield of corn per acre 
for this season^s crop, and also the average of previous crops and the 
gain over unfertilized plots. By comparison it will be seen that the 
yield for 1388 was above an averafije one. 



Digitized by VjOOQIC 



Off. Doc] 



Pennsylvania Statb Oolleqe. 



Ill 



r 






I 






i 



•J 

04 



H 

PS 
M 
h 

► 
O 






< 

a 

p 






w 



§11 S g I 8 






S S I 8 S. i i 



.3SS§ 8 I i S § i S 

*. I ef vJ" ef M' M e« 



S S 



:gs» sgggsgssggg 



tit 

< 






X'^SSSli E g g i 






»«3g s g e s ; s § § 



I I 



I 



''Rsaegsggsgssg 



%2§| giSIS S i S S S. § i 






1^ 



o « 



§§§§ §igg§is§isg 



2g§§i l§8i8gSg 



y 


li 


^ 5 
e gi 


II' 


"S 1 



§gl§ % %% 


8 








1 


s 


S 




ggSS 2 S 8 

H^MJUS^ « « « 






1 


3 


S 

^ 


9 

• 







^o3 

= S2 






ISSSS § g H § § g 

e4fliel»r er e4 eC ef ef «r ef 



•OMfJc^ w^ *S fi eo 



8 g 






5 



g § 8 

•^ M M 



r4 *4 le 



SSIS i I g 8 § 



g s § 



I §8Sgas;Si83§!ll88i§8i383883§8IS833 



l\ 



•o « r> 



;a s s ;s s 



Digitized by LjOOQIC 



112 



Annual Report op thb 



[No. 17, 



•T3 

a 
••-^ 

p 
o 
O 



S5 
00 



S 

On 



g 

M 
K 



O 

o 



s 

•<5 









I 



I 

T 

M 



oo 



I 



18 






e« ^ e/ *4- I'm 
^ ^^ ^^ ^ I ^ 



•«M«0M«0«4tf 



ITsagsii" 



8 

i 
2 



Hi 



e 4» 



I I 



§ ^sa 9 gfs; Q 






Si§§S§s 



H gii s n* s 



Esssase 



I* 






§ p§s§§8 s 

'i~SS8 8 8§§~§' 

10 uivio le <«:<rM' «e 






oT^g 0» e o Q 
10 le le MB M» lO V 



III 






o « 



0O3 












^ 3 §§§§§§§ g 



11=1 li 

OSm ^ e B ^ 



|SSg§§§§§§§gSil 



•Ov.'S O O 3 O 

'SIsSSSS 












gggiiiS 



t^MM le^^^ 






llHIIfi 






r: ■ 

Old 

m m 






SI 






5! 



:S3 s ass s 



Digitized by VjOOQ IC 



Off. Doc] 



Pennsylvania State College. 



113 



The figures given last year showed that the yield of ears was pro- 
portionally large while those given below for this season's crop show 
the reverse. 

Proportion of Ears to Fodder. 



Kind of Fertilizer. 



Nothing. 

Dissolved bone black, 

Muriate of potash, i. 

Complete fertilizers containing: 

Dried blood, 

Nitrate of soda, 

Sulphate of ammonia, 

Nitrogen, 24 lbs., 

Nitrogen, 48 " 

Nitrogen, 72 " 

Yard manure, 

Lime, 



Average 


) for 


1881-1887. 


1 : .691 


1 : .761 


1 : .780 




.706 




.804 




.784 




.786 




.706 




.664 




.607 



Crop of 1888. 



1 : 
1 1 

1 : 
1: 
1 : 
1: 
1 : 
1 : 

1 

1 



.783 



1.087 
1.080 
1.038 
1.054 
1.125 
1.034 
: .913 
: .782 



Grain equals L 

It was noted from last season's work, and from the results of previous 
seasons, that the proportion of ears was greatest on plots receiving 
yard manure than on those receiving any other complete fertilizer. 
The proportion of ears is also exceptionally large where lime has been 
applied. 

Oats. 

As the oats received no fertilizer other than the residuum from the 
previous year's crop of corn, it is necessary to compare the combined 
crops of corn and oats. The following table shows the yield of corn 
for 1887, oats for 1888, the weight per bushel for 1888, the combined 
crops and the comparison of same with results of previous years. 
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It will be seen from the table that the yield was not quite up to that 
of previous years though somewhat better than that of last season. 
The oats were drilled on April 18, 1888, one bushel and three pecks of 
seed per acre being used. June 261 h, observations on the relative dif- 
ference in the rate of heading out of the crop on the diflFerent plots 
were taken. On most of the plots the oats were well headed : 
Nos. 1 (nothing), 3 (dissolved bone black), 13 (plaster), 14 (nothing) 
and 22 (yard manure and lime), had only a few heads on each. Plot 
No. 23 (lime) was the r>nly one where no heads were noticed. July 
19th the crop on the plots was well colored save on those receiving 
yard manure. Where that was applied it had not ripened as much as 
where complete commercial fertilizers were used, and where it was 
applied the heaviest the oats seemed the greenest. On plots to which 
lime and ground limestone were applied the oats were also quite green. 
During the latter part of July the crop on the plots to which yard 
manure was applied had ripened much faster than on those which had 
received the lime and ground limestone. 

The next table shows the gain in yield of the plots receiving some 
fertilizing ingredient over that from the unfertilized plots. 
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Wheat abd Grass. 

Owing to the severe attack of the fly and winter killing, the wheat 
crop of 1887 was a failure. It would, therefore, be unwise to include 
it in the average, and consequently in the following table there is nothing 
to combine with the grass crop of 1888. This season's grass crop is 
included in this table instead of. as formerly, in a separate one ; there 
is also given a table showing the gain in yield over unfertilized plots. 
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The season of 1888 was favorable for wheat, and more than an aver- 
age crop was obtained. It was free from the attacks of the fly, and 
made a good fall growth in 1887. The grain stooled well particularly 
on those plots receiving complete fertilizers. Those with sulphate of 
ammonia as a source of nitrogen had the best set of grain. At the 
time of cutting, the grain on all plots receiving complete fertilizers 
was well ripe ; that on those plots receiving but one fertilizing ingre- 
dient was the greenest, and on the plot receiving lime it was also quite 
green. 

The grass crop followed the wheat crop of 1887. It was the second 
crop removed after a single application of fertilizers. It was a mix- 
ture of timothy and clover. Timothy seed was sown with the wheat ; 
the clover seed the following spring. It is interesting to note that 
while the wheat crop was a failure the grass crops following was be- 
low the average. 



COMPARATIVE VALUE OF DIFFERENT FORMS OF PHOS- 
PHORIC ACID— WHEAT, 1888. 



BY H. P. ABMSBY AND W. H. CALDWELL. 



The experiments described below were instituted with a view to 
testing the relative efiect of some of the various forms of phosphoric 
acid in actual crop production as compared with their cost in the 
market. The experiments were planned by Prof. W. H. Jordan, pro- 
fessor of agriculture and agricultural chemistry in the college, and 
carried on by him up to the time of his resignation in 1885. 

They were continued by his successor, Dr. Wm. Frear, and since the 
establishment of the Station have been in charge of Dr. Frear in 1887, 
and of Mr. Caldwell in 1888. On the other hand, the Director is wholly 
responsible for the methods here adopted in the discussion and interpre- 
tation of the results. 

The experiments were made upon the ordinary four-course rotation 
of this section, viz : wheat, grass, corn and oats, the fertilizers being 
applied to the wheat and corn, and were preceded by an unmanured 
oat crop upon all the plots in 1888 for the purpose of testing the uni- 
formity of the soil. Reports upon the progress of the experiments 
have been made from time to time in the reports and bulletins issued 
by the college* and in the last annual report of the Station! a summary 
for the first complete rotation of four years was given, to which refer- 
ence may be had for any details as to the experiments which are not 

*The Pennsylvania State College Report, 188^-4, p.—Ibi(Lj Report, 1886, pp. 124, 295, 
32L IbicUy Bulletin, Na 9. 
t Report for 18^7, pp. 69-84. 
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included in the present report. This report is intended to record the 
results obtained with the wheat crop of 1888, and to brin^ the summary 
of the expeiiments up to date. Much of it is necessarily a repetition 
of the previous paper, but for the convenience of those whp have not 
the former report it has been thought best to desciibe the experiment 
pretty fully, particularly the method of computing the possible errors 
involved. 

UNIFORMITY TEST. 

For the uniformity test of 1883, thirty-six plots were laid out on the 
Central Experimental Farm (now the Experiment Station Farm), con- 
tained in two series dr tiers, running parallel to each other. 

Each plot is one rod wide and eight rods long, containing one- 
twentieth of an acre, and is sej arated from the contiguous plots by a 
strip of Jand two feet wide. 

The surface of the land has a slight inclination towards the south- 
east, which is nearly uniform for all the plots and is the direction of 
their length. 

'' The soil of the plots is a so-called limestone clay, formed from the 
decomposition of the surrounding and underlying rock, which is very 
largely maguesian limestone. It has the general appearance of a clayey 
loam." 

During 1880 and 1881 the land was in grass (clover and timothy) and 
in 1882 in potatoes. No manure was applied to either crop. Norecod 
has been kept to the yield of either hay or potatoes. 

"No fertilizer was applied (1883) to any of these plots, and they 
were treated exactly alike as to manner and time of cultivation and 
quantity of seed." The seed was at the rate of two bushels per acre. 

Only the first twelve plots of the first series, lettered from A to L, 
were used for the phosphoric acid experiments, and hence only the 
yields of these will be considered here. They were as follows : 

Unmanured Oat Crop of 1883. 



PliOT. 



Graitif 

pound per 

acre. 



Straw, 

pounds per 

acre. 



Total, 

pounds per 

acre. 



A, 

B, 

C 

g, 

E, 

F, 

gv :::::: 

I 

J 

K, . . ... . . 

u 

Average, 



1,400 
1,380 
1,480 
1,640 
1,620 
1,580 
1,540 
1,600 
1,680 
1,600 
1,840 
1,800 



1,588 



2,900 
2,920 
2,720 
2,760 
2,880 
2,620 
2,460 
2,700 
2,420 
2,900 
3,160 
2,900 



2,778 



4,300 
4,300 
4,200 
4,300 
4,500 
4,200 
4,000 
4,300 
4,100 
4,500 
6,000 
4,700 



4,a 
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In comparing these yields it must be remembered that the actual 
weights taken have been multiplied by 20 in order to express the re- 
sults in pounds per acre, and that, therefore, differences of 20 to 40 
pounds, corresponding to errors of one to two pounds in weighing are 
of little significance. Making all due allowance for this, however, it 
is evident that there were considerable irregularities in the yields of 
the individual plots. Plots K and L are notably in excess of the others, 
while the remaining plots show smaller variations. 

CALCULATED UNMANURED YIELDS. 

In order to know what effect, if any, is produced by the fertilizers 
used in a field experiment, it is plainly necessary to know how much 
the same plot would have produced if no fertilizer had been applied 
to it. For this purpose, plots F and L have been left unmanured 
throughout the experiment. Their yields were as follows, the yield of 
straw or fodder not being given separately, in order to avoid multiply- 
ing figures to a confusing extent : 

Yield of Unmanured Plot8^ Pounds Per Acre. 



Plot F, 
Plot L, 



Grain. Straw. Total. 



1,140 
1,280 



1,260 
l,8:i0 



2,400 
3,100 



We cannot, however, assume that these results, or their average, rep- 
resent what the other plots would have yielded had they also been 
unmanured, because the unmanured crop of 1883 showed that the 
plots were not uniform in natural fertility. The best we can do is to 
assume that the relative natural feitility of the plots remained the 
same, and that since the total yield of plot A, for example, was 102.4 per 
cent, of that of plot F, and 91.5 per cent, of that of plot L in 1883, the 
yield of A in 1884, if unmanured, would also have been 102.4 percent, 
of tliat of plot F and 91.5 per cent, of that of plot L, and so with the 
other plots and the other years of the experiment. 

Unfortunately, however, when we come to make this calculation we 
find that 102 4 per cent, of the yield of F is not equal to 91.5 per cent, 
of the yield of L, as it should be, owing to the fact that the yield of L 
varied relatively to that of F, as the experiment progressed. We there- 
fore get two sets of figures for the calculated unmanured yields of the 
other plots, according to whether we make the yield of F, or that of L, 
the basis of calculation. These two sets of figures cannot both be right, 
but so far as appears one is as likely to be right as the other. The moat 
prohahle figures are those obtained by averaging the two sets, and these 
average figures are the ones given in the following table. After each 
number is indicated how much it varies from the two others of which 
it is the average. Thus the total calculated yield of A, for 1884, is 
given in the table as 3,719 ± 33. This means that if we make the actual 



Digitized by LjOOQIC 



Off. Doc] 



Pennsylvania State Oollegb. 



127 



yield of plot L the basis of the calculation, as just explained, we find 
the calculated unmanured yield of A to be 3,719+35=3,752, while if 
we make the actual yield of plot F, the basis of the computation, we 
find the calculated unmanured yield of A to be 3l719— 33=-3,686. In 
other words, the figures following the sign ± do not denote what the 
mathematician calls ''probable errors" but what we msLV cbA\ possible 
errors ; that is, they show how much our average may vary from the 
truth owing to the uncertainty attaching to the method of calculat- 
ing it. 

Calculated Unmanured Yields on Basis of Oats^ 1883^ Pounds Per 

Acre. 



A, 
B, 
c, 

E, 
K. 



Grain. Total crop. 



1,003±8 
989dt8 
l,060rh8 
I,l032fc8 
1,161^9 

1,103±8 
l,146dr8 
1,204±9 
1, 146±8 
l,318d=10 



2,647d=189 
2,H47±189 
2,585±185 
2,647±189 
2,770±198 

2,4tJ3±176 
2,647drl89 
2,624d=181 
2,770il99 
3,097rh242 



TOE MANURING. 

Having now calculated as accurately as possible what we have rea- 
son to believe the plots whould have produced had they been left un- 
manured, we are prepared to consider the manuring and its effects. 

The experiments were made in order to study the effects of differ- 
ent forms of phosphoric acid. To attain this end, it was necessary that 
the soil should contain all the other essential elements of plant food in 
sufficient amount. If potash, for example, were lacking or deficient in 
the soil, the crop would be a total or partial failure on all the plots, and 
the phosphoric acid would have no chance to produce an effect. To 
guard against this, all the plots except F and L (the unmanured plots) 
received 200 pounds of muriate of potash and 240 pounds of sulphate 
of ammonia per acre. They were thus supplied with nitrogen, potash, 
sulphuric acid and chlorine, while the limestone soil contained a vast 
excess of lime, magnesia and iron over what the crops could possibly 
use. Plots E and K received no other manuring. The remaining four 
pairs of plots were in addition manured as follows per acre : 

A and G 200 lbs. dissolved bone black ; the phosphoric acid largely 
soluble. 

B and H 200 lbs. dissolved bone black, previously treated with lime; 
phosphoric acid largely reverted. 

C and I 150 lbs. fine ground bone. 

D and J 160 lbs. ground South Carolina phosphate ; phosphoric acid 
largely insoluble. 



Digitized by LjOOQIC 



128 



Annual Report op thb 



[No. 17, 



It was unfortunately not possible to analyze the fertilizers in these 
experiments, but they are all standard articles of trade, and on the basis 
of the average composition of these articles, the quantities above used 
were computed to contain about 32 pounds of phosphoric in the case of 
the dissolved bone black, the same reverted, and the ground bone, and 
about 39 pounds in the case of the South Carolina phosphate. The 
plots receiving the phosphoric acid in the insoluble form were to this 
extent gi\en an advantage over the others. It should be added also, 
that ground bone contains more or less nitrogen, so that plots C and I 
received slightly more of this element than the others. With these 
two exceptions our four pairs of plots differ only in the form in which 
the phosphoric acid was applied. As before noted, the fertilizers were 
applied every alternate year, viz., in 1884 to the wheat and in 1886 to 
the corn. The succeeding hay and oat crops, therefore, show the resi- 
dual effects of the previous year's application of fertilizers. 

iFFECTS OF TBE FERTILIZERS. 

The following were the actual yields of the fertilized plots in 1888 : 
Yield Per Acre in Pounds. WheaU 1888. 



Plot A, 

" c, 

" D, 

" E, 

" ?» 

" I» 

** J, 

" K, 



Grain. 


Straw. 


Total. 


1,790 


2,410 


4,200 


1,670 


3,030 


4,700 


2,065 


3,i;35 


5,300 


1,960 


3.440 


6,400 


2,125 


2,775 


4,900 


1,950 


2,450 


4,400 


1,750 


2,940 


4,700 


2,100 


2,900 


6,000 


1,860 


2,840 


4,700 


2,015 


2,685 


4,700 



Weight per 
buHhel. 



609 

61 

601 



63 
61 
61 
61 



i 



By subtracting from theso actual yields the calculated unmanured 
yields as given on p. 127 we find the gain due to the manuring, sub- 
ject, of course, to the same possible errors as the calculated yields. 

Oain Over Calculated Unmanured Yields. 



Grain. 



A, 
B, 
C, 
I>, 
E, 

1. 

I, 



Total. 



7g7±8 


l,653drl89 


68l±8 


2,0&3jrl89 


l,005d=8 


2,7:5±185 


857±8 


2,763i:189 


964dt9 


2,130^:198 


847±8 


l,P37d=176 


614-+-8 


2,053rhl89 


896zb8 


2,476d=181 


714±8 


l,930dbI99 


697=hl0 


160i:242 
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The above results show a large and unmistakable gain due to the 
use of fertilizers, as compared with the results on the plots remaining 
unmanured for five years. The difference between the results in the 
two series of experiments is not so marked as in previous years, but is 
still noticeable, the second series showing less favorable results than 
the first. For the present then we may continue to follow the plan of 
the previous year and consider the results of each series by themselves. 

COMPARISON OF FORMS OF PHOSPHORIC ACID. 

The last table shows the gain produced by the total manuring. The 
fertilizers on plots E and K, however, it will be remembered, con- 
tained no phosphoric acid. To get at the relative effects of the differ- 
ent forms, we must subtract from the total gains of plots with phos- 
phoric acid, the gain made by the corresponding plot to which no phos- 
phoric acid was applied. In the table below are the results of this 
calculation. It will be remembered that we are keeping the two series 
of plots distinct. 

Oain Due to Pkosphoric Acid. 



Plot. 



A, 



Form of phos- 
phoric acid. 



Soluble, . 
Reverted, 
Bone, . . 
Insoluble, 



G, I Soluble, 



5: 



Reverted, 

Bone, 

Insoluble, 



Wheat, 1888. 



Grain. 



— 177i:17 
— 283drl7 
+ 41±I7 
— 107±17 

4-1504:18 
— 83±18 
-flWizlS 
+ 17±18 



Total crop. 



— 577±387 
— 77d:887 
-|-585db»88 
+62adb3t<7 



4-334±417 
_ -450^43 1 
--h73db423 
-^27dh441 



In the grain we find four cases of gain and four of apparent loss. 
In the total crop we have six cases of gain due to the use of phosphoric 
acid and two cases of apparent loss. It is obvious that the effect of the 
phosphoric acid was not so marked this season as in previous years. It 
is more clearly seen in the figures for the total crop ihan in those for 
the grain, that is, it affected the growth of the straw more than that 
of the grain. • 

As regards the different forms of phosphoric acid the result is sub- 
stantially the same as that reported last year; no one form is clearly 
indicated as superior to the others. 

In such experiments as these, however, the average result for a 
series of years is likely to be more trustworthy than that obtained in 
any one year. For this reason, our conclusions last year. were largely 
based on the combined results for the four years. In computing the 
possible errors of these combined results, however, an error was made 
9a Statb College. 
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in that they were assumed to be equal to the combined possible errors 
of the single years. It would appear more proper, however, to com- 
pare the total results for the four years in exactly the same way as 
the results for a single year, that is, to compute the unmanured yields on 
the basis of the total yields of the unmanured plots for the four years, 
and then to subtract these figures from the yields actually obtained. 
This method largely reduces the possible errors. Without going into 
the details of the computation, we may give the following table of 
the gains resulting from the use of phosphoric acid. It will be re- 
membered that throughout we are treating each series of plots as a 
distinct experiment. 

Gain due to Phosphoric Acid^ 1884-^7. 

A, 2786rt690 

B, a4«0±690 

C, 8»77±690 

D, 2736^:690 

G S43zh771 

H, 1129±796 

I, 2707dr777 

J, 2205±806 

Gain due to Phosphoric Acidy 1884r^8. 

A, 2101i:296 

B, 3855±:296 

C, 4606dr296 

D, 8a01dz296 

G, 1174±400 

H, 1674db410 

I, 8672zb400 

J 2625±415 

On the basis of the above results we find that the various forms of 
phosphoric acid stand in the following order as regards their effects 
in these experiments : 



4 Year Averaob. 


5 Year Average, 


1st set 


2d set 


Average. 


1st set 


2d set 


Average. 


Bone, 

Reverted, 

Soluble and InsoL, . 


Bone, . . 
Insoluble, 
Reverted, . 
Soluble, . 


Bone, . . 
Insoluble, 
Reverted, 
Soluble, . 


Bone, . . 
Reverted, 
Insoluble, 
Soluble, . 


Bone, . . 
Insoluble, 
Reverted, 
Soluble, . 


Bone. 
Insoluble, 
Reverted, 
Soluble. 



The general result to be deduced from these summaries, and in which 
apparently we may place some degree of confidence, is that, upon our 
soil, and under our conditions, bone gave the best results and soluble 
phosphoric acid the poorest, while the insoluble and reverted forms 
were intermediate in value, sometimes the one and sometimes the 
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other of these two excelling. It is not impossible that a continuation 
of the experiment may result in assigning a relative value to the in. 
soluble and reverted forms. 

It is to be remembered that the bone, as noted on page 128, contains 
some nitrogen and that some part of the effect here attributed to the 
phosphoric acid of the bone is really due to the nitrogen. 

BXPSBIMBNTS ELSEWHERE. 

The question of the relative agricultural value of the various forms 
of phosphoric acid is one which has been much discussed during the 
last ten years or more and in regard to which many experiments have 
been made. One general result of these experiments has been that, 
as is the case in our experiments, soluble phosphoric acid has shown 
no superiority over the less soluble forms upon soils containing much 
lime^ while upon other soils it has usually surpassed the latter. We have 
not far to seek for the explanation of this fact. The advantage of soluble 
phosphoric acid lies in the more uniform distribution through the 
soil which results from its solubility. It is now well settled that it 
does not remain soluble in the soil for any great length of time, but 
is converted more or less rapidly into the reverted form. Thus Farsky 
mixed a superphosphate with soil and found that, within three hours,. 
from 60 to 70 per cent, of its soluble phosphoric acid had reverted.. 
In six hours the proportion was 67 to 80 per cent, in 12 hours 74 to 
84 per cent., in 24 hours 80 to 88 percent. From that point the process 
went on more slowly, and at the end of two weeks there was still 1 to 
3 per cent, left in the soluble form. A superphosphate, then, does 
not act to any extent by furnishing to the plant a solution of phosphoric 
acid in water. 

If we manure a soil with ground bone or ground phosphate rock^ 
each minute a particle remains where the operations of tillage left it* 
and when we apply a few hundred pounds per acre and mix this with 
say the upper three or four inches of the soil, weighing in the neigh- 
borhood of a million pounds, it is plain that these particles, however 
small, must be left comparatively far apart. Where the particle is 
left, it lies. If a root chance to grow in its direction and come in con- 
tact with it, the particle is utilized. If not, it is dissolved and dis- 
tributed but slowly by the soil water. A particle of a superphosphate 
under the same circumstanc^^s begins to be dissolved at once and 
rapidly by the soil water, forming a solution of phosphoric acid which 
tends to diffuse itself throughout the soil. True, the phosphoric acid 
is soon precipitated out of this solution, but not until it has spread 
through the soil for a greater or less distance. As a result, the soil is 
more or less impregnated with phosphoric acid throughout its whole 
extent, and wherever a root goes it finds more or less of this substance 
ready for assimilation. Moreover, the form in which it is precipitated 
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from solution is probably more leadily taken up by the roots of plants 
than is the insoluble acid of rock phosphate. 

If, however, the soil contains much lime, the results are very much 
modified. Lime is one of the chief agents in precipitating the phos- 
phoric acid out of its solution in the soil water. If large amounts of 
lime are present, it is precipitated almost as soon as dissolved, having 
no time to diffuse into the surrounding soil, and consequently is scarcely 
better distributed than the more insoluble form can be by tillage. As 
noted above, however, it would probably be somewhat easier of as- 
similation than rock phosphate. This rapid precipitation of the 
phosphoric acid by a limestone soil is well illustrated in the experi- 
ments of Farsky, already mentioned. When two lime soils were used, 
98 per cent, of the phosphoric acid was precipitated in 48 hours in one 
case and in only 5 hours in another. 

A lime soil, then, fails to get the full benefit of the soluble phos- 
phoric acid of a superphosphate because it precipitates it too quickly, 
and so prevents its due distribution. There are two other classes of 
soils on which soluble phosphoric acid generally fails to give good 
results for an exactly opposite reason. Very light sandy soils, such 
as are commonly called leachy or hungry, and the soil of true peat 
bogs, consisting largely or almost wholly of decayed vegetable matter, 
stand at the other extreme from the lime soils, and have very little 
power to precipitate the phosphoric acid after it is dissolved. The 
result ie that, if the drainage is good and the rainfall sufficient, the 
larger part of the acid is simply washed out of the soil and lost. On 
the other hand, in a dry season the phosphoric acid may remain in 
the soil, but its solution is liable to become so concentrated by evap- 
oration as to actually injure vegetation. On these soils as well as on 
lime soils experiment has generally shown that the less soluble forms 
usually give as good or better results than the more costly soluble 
form. 

As to other classes of soils the evidence is at present conflicting, 
some experiments apparently showing little difference between the 
value of soluble and reverted, while others show a striking difference. 
It is evident that much depends on local conditions, and the subject 
cannot be said to have yet reached a satisfactory solution. 

The really insoluble form of phosphoric acid, such as the South 
Carolina phosphate used in our experiments, basic slag, etc., etc., has 
usually been found to be inferior, pound for pound, to soluble or re- 
verted. In our own experiments, somewhat more phosphoric acid 
was applied in this form than in the others, but the possible errors are 
too great to permit of any exact comparison of its effects with those of 
the other forms. 
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conclusions. 

A comparisoQ of our results with those of others appears to justify 
the following conclueion : 

Upon lime soils ^ upon very light sandy soils,, and upon pure peat 
soils^ the less soluble and cheaper forms of phosphoric acid are likely 
to prove equal or superior to the more costly soluble acid of the super- 
phosphates. 

This seems to be especially true of the reverted form, although in our 
experiments it appears not to have given as good results as the insoluble. 
As noted above, this is now rated in the valuation of fertilizers at but 
little less per pound than the soluble form. While this may be justi- 
fied by present market prices, it can scarcely be doubted that, were 
there any call for this substance as such, it could be supplied at a much 
cheaper rate. Its most common commercial form is the so-called di- 
calcic phosphate, containing when pure 52.21 per cent, of phosphoric 
acid. Ooncerning this substance, Storer says (Agriculture, Vol. I, p. 
278): 

'' This substance is prepared in Europe in a condition of almost ab- 
solute purity, and it could undoubtedly be imported either from England 
or from the Continent at small cost. In Europe the price of this precipi- 
tated phosphate is controlled by the price of bone ash, and the market 
value of a pound of phosphoric acid in the form of the precipitated 
phosphate is very nearly the same that it is when taken in the form 
of bone-ash." 

'^A somewhat less pure form of precipitated phosphate of lime has, 
for many years past, been made in England, France and Qermany, in 
no inconsiderable quantities, as a product incidental to the manufac- 
ture of gelatine from bone." 

In ground bone we have a form of phosphoric acid which, as the 
bone decays in the ground, is practically equivalent to reverted. To 
obtain good results from ground bone, however, the soil should be 
moist enough to favor its decay, yet not wet or heavy enough to exclude 
the air unduly. According to the fineness of the bone, its phosphoric 
acid costs from three to seven cents per pound. The finest is usually 
to be preferred. In addition to its phosphoric acid, ground bone con- 
tains more or less nitrogen, which adds to its value as a general fer- 
tilizer. 

In the insoluble phopphates, such as South Carolina phosphate, basic 
steel slag, etc., phosphoric acid costs about two cents per pound, but) 
as stated, it seldom produces as good results, pound for pound, as the 
other forms. Presence in the soil of abundance of decaying vegetable 
matter favors its action, and fine grinding is essential. Within a short 
time very favorable results have been reported from the use of basic 
slag (from the Thomas-Gilchrist steel process), some experimenters 
rating it as high as the precipitated phosphate. 
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In conclusion it should be remembered that local conditions greatly 
influence the action of fertilizers, often in a way we cannot as yet ex- 
plain. Hence, any such general conclusions as those here stated 
should be tested wilh care when they involve a departure from estab- 
lished practices. A few simple and inexpensive trials of reverted or 
insoluble phosphates on a small scale would readily show one con- 
templating their use, whether they were likely to prove profitable 
under his circumstances. 

The Station will gladly lurnish any aid or information in its power 
to any who may desire to undertake such trials in this or any similiar 
matter. 



EXPERIMENT ON THE PRODUCTION OF ROOT TUBERCLES. 



BY WM. A. BUCKHOUT. 



Some five years ago the writer began an examination of various 
leguminous plants for root tubercles. Not having access to the litera- 
ture of the subject, and finding only a few brief notes on record in 
the books and i)eriodicals at command, the work resulted in uncon- 
sciously going over the ground already known and recorded by dif- 
STerent investigators. Starting with the garden pea, where these 
curious growths are conspicuous in size and number, they were found 
on other cultivated papilionaceae, also beans, sweet peas, etc., and 
upon various wild species of Vicia^ Desmodium^ Lespedeza^ etc. The 
examination of a considerable number of species of leguminosae led to 
the conclusion that they were produced upon the roots of all papilion- 
aceous species, even trees and shrubs, but probably not upon those of 
Caesalpinea or Mimosm. Of the latter, however, only a few exami- 
nations of Oymnocladus dioicus (Kentucky cofiee tree). Cercts Cana- 
densis (Red bud) and Mimosa pudica (sensitive plant) were made, 
and those not so fully as should have been done. Good material was 
hard to obtain. 

In making microscopic examinations of the tubercles they were 
generally found to contain bacteria, but no attempt was made to de- 
termine whether they were the cause or merely accompaniments of 
the tuberculous growths. At this stage in the work various references 
to the investigations of others began to come to light, and it was 
evident that those points had already received much attention. Inas- 
much as the further work of the investigators seemed to be directed 
chiefly toward the possible fungi which were the cause of the tubercles 
and to the relation which they bore to nitrogen assimilation — specially 
difficult lines of research — my attention was turned to a study of the 
conditions under which these bodies were formed. 
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The garden pea was selected, and three kinds of cultures were 
undertaken, one in water, one in sand and one in ordinary soil. Dis- 
tilled water, rain water and hard water respectively were used for 
watering purposes. The plots containing the sand and soil to be 
watered with distilled water were subjected to prolonged baking in an 
oven previous to being used. The water cultures were carried on in 
short wide-mouthed bottles, the seeds being supported on pieces of 
pumice or sandstone. In each case duplicates were taken to provide 
against loss or errors. 

For convenience i)eas of the lowest and most compact growth were 
selected. The seeds were planted October 3, and kept in a cool green- 
house. Three examinations were made: November 3, when the 
plants were about three inches high ; December 29, when they were 
in flower; and the last February 16, when they were in fruit. The 
three-inch pots proved rather small, and the plants became somewhat 
potbound, but this probably did not affect the result as regards de- 
velopment of tuberclos. The plants were lifted with as little loss of 
root as possible, and the roots washed out in water. 

An inspection of the following table shows the results : 

A. Water cultures. 

6. Sand culture. 

0. Soil culture. 

a. Use of distilled water (after heating pots to destroy all germs). 

6. Use of rain water. 

c. Use of hard or limestone water. 



a. 


B. 


C. 




Wa(er Cultare. 


Sand ealtare. 


Soil ealtnre. 




A. 1«. 


A. Jo. 


B. 1 c. 


B.2C. 


C. ic. 


0.2 c. 


Examined Feb. 18. planu in trnit. 
Water enltarea mostly deal, others 


A.lfr. 


A.2». 


B.lfr. 

t 


B. 2». 

t 


0.16. 

• 


0.2 6. 




declining (plants had become pot- 
bonnd). 


A. la. 


A. 2a. 


B. la. 

* 


B.2a. 

t 


C. la. 


0.2a, 

• 


1 1 *— relative abnndanoe. 


A. ic. 


A. 2 c. 


B. 1 c. 


B.2C. 


C. ic. 


0.2 c. 


Examined Deo. 29, plants in Hower. 


A.lfr. 


A.2». 


B. 1». 

t 


B.2». 

• 


Clb. 

t 


C.2d. 

t 


Part of water caltured declining, 
others Tigorons. 
One plant Arom ench. 


A. lo. 


A. 2 a. 


B. la. 


B.2a. 

« 


C. la. 

t 


C. 2 a. 

t 


1 1 1 «-" relative abundance. 


A.] 0. 


A. 2 c. 


B. Ic. 


B.2C. 


0.10. 


0.2 0. 
0.2 6. 


Examined Not. S, plants three 


A.l». 


A. 2 6. 


B. 1». 


B.2&. 

t 


0.16. 

t 


inches hiffh, all vigorous. 

One plant fjrom each. 

t t •« relative abnndance of 


A. la. 


A. 2 a. 


B. la. 

t 


B 2a. 

% 


0.1 a. 

t 


0.2 a. 


tubercles. 
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The water cultures developed rather poorly, though some gave as 
vigorous and long lived plants as any others. 

It is evident that 

(1.) No tubercles appeared in any of the water cultures. 

(2.) None appeared in either sand or soil watered with distilled 
water. 

(3.) They are more abundant from and after the time of flowering 
than before. 

(4.) There is no marked difference between the number occurring 
in clear sand and in soil. 



HORTICULTURAL REPORT. 



BY GBORGB C. BUTZ. 



The horticultural work of the Station is a new feature ir. this re- 
gion. Much agricultural experimentation has been conducted here 
for the past twenty years so that the possibilities of the soil and loca- 
tion in that line of work is tolerably well known. The past year's 
records in garden work being the only data we have to consider, no 
safe conclusions can be drawn from our results, except possibly in re- 
gard to the comparative value of varieties. A large number of varieties 
having been grown side by side, with practically the same soil, treat- 
ment and atmospheric conditions. Many of these varieties are old 
and well known to most gardeners and farmers of the State, and as few 
gardeners ever plant more than four or five sorts of a vegetable at one 
time, the records in this report will be found to contain such facts as 
are desirable in selecting a new or better variety. The soil of the 
Station garden is quite uniform, but not of that character which is 
most likely to promote vegetable growth. It has been cultivated 
many years previous for farm crops, with occasional light manurings ; 
but, being a cold, heavy, clay, only a little darker than the subsoil? 
it will require several years heavy manuring and cultivation to bring 
it into a good condition for garden purp' ses. The land has a slight 
southeasterly slope, rising but little to the northwest, and there is no 
protection or wind break in the immediate neighborhood of the garden. 
The seeds used were purchased directly from seedsmen, except those 
obtained from the United States Department of Agriculture. Some 
of the former, as well as of the latter, failed to germinate in our soil, 
although they showed a germinative power of sixty per cent, in the 
germination tests of the early spring, as recorded in Bulletin No. 4. 
Prominent among these failures were the seeds of gherkin cucumbers 
rem both Eources. 
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The garden plot is particularly free from troublesome weeds. Under 
the head of ^' weeds," in this report, will be found a list of all the 
weeds that have appeared on a plot one-twentieth of an acre in extent, 
located not far from the garden, but many of that list were not seen 
in the latter place. 

In re/e'ard to small fruits^ nothing has been done this year, except 
with grapes, as no plants of other fruits were Bet out and none are yet 
in the possession of the Station. However, the extent to which 
small fruits are cultivated in this State, renders it important that the 
attention of the Station be given to this branch of horticulture, and 
we shall add the necessary material to our resources during the com- 
ing year. 

BUSH beans. 

Seeds of bush beans were sown in drills in the garden May 28, and 
nearly all varieties had vegetated by June 7. It is observed that in 
a heavy soil the plantlet in pushing through frequently has the 
misfortune to break off itB plumule, and, also, a late frost often nips 
the plumule that has just appeared. To show the effect of such acci- 
dents upon the growth of the plants, the following experiment was 
conducted : Seeds of variety No. 1564 were sown June 1, and these 
vegetated June 11. The plumules of forty plants were cut off just 
above the node of the seed leaves ; seven days later axilary buds ap- 
peared in the axils of the cotyledons. On July 15 the plants of this 
sowing which were not deprived of their plumules showed first flower, 
while those operated upon showed first flower July 22. Marketable 
pods were obtained from the former July 20, and from the latter 
August 4. However, the want of thrift in the injured plants condemn 
the practice of allowing such plants to grow where a second sowing 
can be made. But a very few plants of any species will form 
branches from the axils of the cotyledons unless forced to do so, and 
even then the growth is not vigorous. The experiment was extended 
to the squash, melon and cucumber, all of which grew, but not so far 
as to yield fruit. 

In the table of bush beans will be found such facts as are most im- 
portant in the selection of a variety for any purpose. Earliness is 
frequently the strongest recommendation. The length of time during 
which good edible pods may be found on the plants must be considered. 
The productiveness of the different varities varies greatly; as the 
figures indicate, it ranges anywhere between twelve and one hundred 
grammes per plant. Lastly, the color of the pod will assist in select- 
ing a desirable variety. 

Broad Windsor and Early Magazan are of the English dwarf type 
and must be sown early in order to mature before the heat of summer 
interferes with them. These two varieties were sown April 26, but 
gave no satisfactory yield, owing to the early and excessive attack of 
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the plant louse, which troubles these plants everywhere. Landreth's 
Violet, a light yellow pod, showed little tendency to spot, remaining 
remarkably free from that disease. The yield of that variety was the 
greatest this year, of the whole list tested. 

The best showing among the new varieties grown this season was 
made by the New Prolific German Wax, No. 1596. It combines 
several merits; it is early, productive, yellow in color, keeps well on 
the plants and is a pretty pod in a basket. At the time of recording 
the description of this plant, there were twenty-eight mature pods on 
it, a number that is surprisingly large, since other varieties held from 
seven to fifteen pods each. 
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pole beans. 

These were grown in hills in the garden, with from three to five 
plants to the hill; the yield is given per hill instead of plant, as in 
the table of bush beans. The seeds of all the pole beans were planted 
May 29. The greater number of these varieties yielded their full 
crop before they were injured by frost, but those having their last 
marketable pods recorded on October 6 and after, were cut short by a 
frost appearing on that date. 

Special attention might be called to the Southern Prolific as an 
excellent bean with a tender pod, very productive, though late. A 
fuller description of this bean may be of value here, as two very dif- 
ferent ones have been sold under the same name. The vine is vigorous, 
growing eight to ten feet long, leaves dark green ; the pods, in clusters 
of six to ten, are round, almost straight, green, very brittle and tender, 
with seven to nine ovules to the pod, length of pods five inches. The 
Painted Lady is somewhat similar to the Scarlet Runner, having large 
scarlet flowers. One vine of this variety produced all white flowers, 
and being as large as the scarlet ones, made a pretty comparison for 
the latter as to floral excellence. 
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BESTS AND CARROTS. 

The seeds of these vegetables were sown in drills in the garden, 
allowing a length of fifteen feet to each variety. The heavy nature 
of our garden soil is certainly not adapted to produce early crops, but 
we in time obtained some very fine roots of beets and carrots, possess- 
ing an excellent flesh. The beets were remarkable for their regularly 
good form and the clean, smooth surface of the roots. The Eclipse 
beet, sent us by the Department of Agriculture, was a somewhat 
difierent beet from that of the same name fro;n Landreth. The form 
of root and foliage was about the same in each, but the flesh of Lan- 
dreth's was colored in distinct rings, alternating dark red and pink, 
while in that from the Department of Agriculture the flesh was colored 
a carmine red mottled with white. The latter was considered the 
superior beet in tenderness and flavor. 

The following varieties of carrots — Extra Early Forcing, Early 
Scarlet Horn, Ohetenay Half Long and Early Forcing — ^have a sweet 
flavor and make good table vegetables ; the rest of the list given are 
rather bitter, and especially the Long Oassaby. 

Beets. 



Button 
number. 



18W, 
1827, 
17W, 
1882, 
1888, 
1883, 
1887, 
1880, 
1884, 
17M, 
1881, 
1888, 
1886, 



Bamano, 

Eclipse, 

Eolipee, ... ... 

Early Blood Red Tornlp, 
Egrptlan Tnmip, . . . . 

Half LoDg Blood Bed, . 
Imperial Sugar, . . . 
Landreth* B Very Earlj, . 
Long Blood Bed, . . . . 

Oborn^B Selected, . . . 

Phlla. B irly Tamlp, . . 

*' Perfection, . . . 

Sileelan Sugar, 



8«edafrom. 



Landr., 

n. 8. Dept. AgT't 
Landr., .... 

*• ! ! ! ! ! 

«« 

t« ' * , 
«« 

U. B. D^. Agr., 
Landr., 





Days from 


marketable. 


planting. 


Julj 18,. 


ti 


•' 11, . 


76 


*' «,. 


71 


•' 18,. 


88 


" 10, . 


78 


" 14, . 


7i 


:: ^^' • 


88 


'•»• 


88 


•• ai, . 


86 


*' 11, . 


76 


;• 16, . 


81 


!«. • 


88 


»• 16,. 


81 



Color of flesh. 



Salmon and white. 
Bed mnd pink. 
Bed and white. 
Bed and pink. 



White. 

Violet and white. 

Bed and pink. 

Bed and white. 
Violet and white. 
White. 



CarroU, 



Button 
number. 






First roots 
markeUble. 


D^ 

• from 
planting. 


Color of flesh. 


Lengihof 
root- 
inches. 


18rr, . . 
1715, . . 
1876, .. 
1875, . 
1878, . . 
18», . . 
1880. . . 
1714, . . 


Ohatenay Half Long, 
Early Forcing, .... 

'* Scarlet Horn, 
Extra Early Forcing, 
Long Orange, .... 

'" White Belgian, 

•* Olant Wtdte,. . 

•' Cassaby, 


Landr., 

U.S. Dept Agr., 

•• ...... 

•• " * 

U.S. Dept. Agr.,' 




108 
104 
96 
96 
1(2 
108 
108 
10) 


Orange scarlet, 

:: '•H'T- 

t« t« 
White, 

Orange yellow, 


5 

2.5 

7 

1.5 

8 
10 
10 
11 



CABBAGE. 



In some respects the yield of cabbages was not as good as we ex- 
pected. It will be observed from the table that the " first heads '' 
were universally late, which fact we can attribute to the heavy, cold 
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nature of the garden soil. At the time of setting out, the plants were 
uniformly in fine condition. The early varieties were sown in shal- 
low seed boxes April 4, and kept in the greenhouse where the seed 
vegetated in about four days. On April 24 the young plants were 
transplanted to a hotbed of which the soil was not so light and loose 
as that commonly used in hotbeds, and the plants instead of becoming 
long and tender, grew up with stout stalks and good leaves. Fifteen 
good plants of each variety were transplanted to the garden on May 15. 

Many varieties will yield a good head to each plant set out, while 
others can never be depended upon for more than seventy-five per 
cent of good heads. Bloorasdale Bullock Heart is a good round head, 
combining size and earliness. Winningstadt, so extensively grown, 
ranks among the best early cabbages. Large Jersey Wakefield 
showed a very early tendency to "split." Of the newer sorts J M 
Seasons we have recorded as a comparatively large head, early and 
holds well without splitting. Early Ktpress is a good early cabbage, 
but not a large head. Very Early Etampes is a large pointed head 
resembling Wakefield, and is a good cabbage, if it can be cut soon 
after becoming solid, as it splits shortly after. Buncombe, Extra 
Early Pointed Market, Stone Mason and Berkshire Beauty have very 
large heads with broad spreading leaves. They are all good cabbages. 

The late cahhages gave more general satisfaction in heading. The 
seeds were sown in a spent hotbed April 28, and the plants were set 
out June 21st in the garden. Good heads were formed on all the 
varieties given in the table, but no dimensions were recorded. 

Callage — Early. 



I 

flOfl 



1549 
1895 
1809 

lan 

1S64 
17S8 
1186 
1890 
1804 
1866 
1868 
1866 
1600 
1784 
1808 
1887 
1848 
1801 
1806 
1860 
1860 
1861 
1803 
1849 

im 

1006 
18S7 



All Seasons, 

Bloomtdale Bollock Heart, 
•• Early Market. . 

*• »• Dwarf riat Head, 

*• •• Drumhead, . . . . 

Buncombe, 

Berkshire Beantf, 

Early York, 

** BogarLoaf, . . . 

•* Cone, 

•• riat Dutch 

** Dramhead, 

«* Express,. 

Extra Burly Pointed Market, 

French Oxheart, 

Tllderkraot, 

Londreth^sEsrllestofall, 

** LarcceYork, 

^* Early Snmmer Flat Head, . 

Large Jersey Wakefield, 

Long Island Medlam Flat Dntoh, . . . 

N. Y. Early Sanuner, 

Beedland^s Early Dnunhead, 

Select Very Early Jersey Wakefield, . 

Slone Mason, 

Very Early Etampes, 

Winningstadt, 



Seeds from. 



Thorb., , 
Landr., 



U. 8. Dept. Agr., 
Landr., 



Thorb , . 

U. 8. Dept. Agr., 

Landr., . . . . 



IT. 8. Dept Agr., 

Ferry, 

Landr., • 



First mar- 
ketable 
heads. 



^?f- 



Jnly 
Ang. 



Jnly 
Ang. 



5, 
11, 

", 

10, 
10, 

7, 
18, 
18, 

», 

16, 
18, 
28, 

a^ 

81,, 
6, 
16,, 

«, 
II, 
18, 

-a, 

80, 



Days from 

planting 

in garden. 



88 

8a 

88 



87 
87 
84 
90 
90 
82 
82 
98 
90 

100 
97 
77 
88 
98 
88 
88 
90 

100 
76 
88 



Diameter 

of head 

in inches. 
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station 
nnmbtfr. 



1868, 
18^ 
1860, 
18T0, 
1871, 
1551, 
1874, 



Bl'wtfr.sdal^ Larffe Late Flat Dutch, 
Drumhead Savoy, 

I.arve Dnimh*'ad, 

T^ndr. Large Lale Mountain, 

Maiuiitoth Bergea, 

M. G. Large Late Flat Dutch, . . 
Red Dutch, 



Seeds from. 



Landr.,' 

4« 

t« 

Thorb., 
Landr., 



First I Dsysfrom 
marketable planting to 
head. garden. 



Sept. 18, 
7,. 
" 20,. 

6,. 



Oot. 



81 
78 
91 
98 
118 
81 
78 



CAULIFLOWBR. 

Several varieties of this vegetable were sown and planted along 
with the early cabbage, and others with the late cabbage. No good 
heads were formed on the early sorts except on those plants that 
lingered into the later season before beginning to head. 

No. 1584 out Edge Snowball matured its first good head, eleven 
inches in diameter, July 31. It was free from the numerous leaves 
through the head that make the ordinary early cauliflowers so un- 
sightly. 

Algiers and Imperial Novelty yielded excellent heads in Novem- 
ber among the late sorts of the garden. 

CUCUMBERS. 

The seeds were planted in hills in the garden and required from teu 
to fifteen days to vegetate in our heavy soil. To obtain the yield all 
the fruits were cut as fast as matured from three good hills and weighed. 
This cutting as soon as fully formed allowed more nourishment for 
the development of new fruits. The figures in the last column of the 
table are lor one hill. Among the new varieties Florida's Emerald 
gave the greatest satisfaction and is a very distinct cucumber. The 
form of the fruit is long and cylindrical, length, nine inches; diameter, 
two and a half inches. The skin is almost smooth, of a beautiful green 
color. Thorburn's New Everbearing is a new variety, of which we 
received but five seeds, and only one plant was obtained from them. 
This produced several good, well-formed fruits and then died. 
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Bu- 
tton 
n am- 
ber. 



1S79 
12S7 
1580 
1258 
1254 
1720 
1554 
1566 
1251 
125i 
1255 
1568 
1268 
1722 
1256 
1810 



ArllnKlon, , 

Boston Pickling, 

Chicago, 

Early Choice, 

Early White Spine, ..... 

Early Forclnir, 

Extra Early Seedling, . . , 
Florlda^s Emerald, ..... 

Landretta^s Flnt, ...... 

Landreth*8 Choice, 
Landreth's White Slicing, 
Large Russian Ketted, . . , 
Long Green Torkf y, . , 
Nichols* Medium Oreen, . 
Short Prollflc Fickle. 
Thorbncn *s NewEverbear *g, 



Seeds f^om. 



I 



Ferry 

Landretb, . . . 

Ferry 

Laudreth, . . . 
Landreth. 
U. S. Dept. Agr. 
Thorb., .... 
Tnorb., .... 
Landreth, . . . 
Landreth, . . 
Landreth, . . . 
Thorb , .... 
Landreth* . . . 
U. 8. Dept. Agr. 
Landreth, . . . 
Thorb., .... 



First 
flower. 



July 20. 

•» 16, 

•* 18, 

•* 16, 

*• 20, 

♦• 20, 

** 11, 

»« 22, 

•♦ 17, 

" 29. 

*• 20, 

•* 14, 

•• 16. 

** 14. 

•* 17, 

" 18, 



First 
market- 
able 
fk>ait. 



Aug. 11, 

** 5, 

•• 8. 

•* 6, 

•• «. 

" lU 

*. 2, 

** 8, 

*' «. 

Sept. 5, 

Aug. 6. 

" J: 

** 8i 

'• 4, 



Days 

ft'om 
seed- 
ing. 



72 
65 
64 
67 
67 
72 
63 
67 
67 
VI 
67 
64 
67 
67 
65 
75 



Weight I Ylrtd 
of aver- per hill 
age fruit in 
In grams, grams. 







442 


2516 


200 


lllM 


• • • . . 


890 


410 


IffiM 


260 


2Z72 


885 


M4« 


118 


ISOO 


440 


1606 


240 


1542 


260 


783 


495 


S2S3 




1811 




917 


. . . • 


885 




4SS 







CORN. 

No satisfactory results were o1:)tained from the corn in the matter of 
good ears and yield, owing probably to the fact that most of it grew 
in a single row, and the general direction of the wind being across the 
row, the pollen was carried away and the ears were consequently im- 
perfectly fertilized. The seeds were planted May 21, in hills two feet 
apart. The earliest varieties were Marblehead and Cory; of the 
latter, seeds from two sources were planted and about the same results 
were obtained, yielding marketable ears in seventy- seven days from 
planting. The Black Mexican, having purple black grains, is a good 
flavored corn^ though coming late. j 

Sweet Com. 



SlA- 

tion 
nnm- 
ber. 



1811 
1812 
17.8 
13^3 
1822 
1610 
1310 
18tS 
1817 
1818 
1321 
13.26 
1612 
1814 
1815 
1615 
1611 
1325 
1819 
1316 
171-4 
18*24 
1613 
1820 



Adam^s Extra Early, . . . 

Adam* 8 Early, 

Breok^a Premier, 

Black Mexican, 

Cory Sngar, 

Cory Sweet, 

Eight Rowed, 

Early Landreth^s Market, 

Early Crosby, 

Early Concord, 

Knrly Mammoth, 

Egyptian Sngar, 

Egyptian Sweet, . . . . 
Extra Early Narraganaett, 
Extra Early Minnesota, . 
Oolden Yellow Sweet, . . 
Improved Evergreen, . . 

Late Mammoth, 

Landreth^s Sngar, . . . . 
Marblehead Sugar, .... 

Perry's Hybrid, 

Stowell's Evergreen, . . 

Stabler* 8 Early, 

Triumph Sngar, 



Seeds from. 



Landreth, 
it 

U. S. Dep. 
Landreth, 

U. S. Dep. 
Landreth, 



Agr. 
Afli-. 



U. S. Dep. 
Landreth, 



Afirr., 

U. S. Dep. AgT.*, 
Landreth, 



U. S. Dep. 
Landreth, 
U. S. Dep. 
Landreth, 



Agr., 
Agr.', 



Flrut market- 


Days from 


able ears. 


sowing. 


AuguBt 19, 


96 


;: ^ 


96 


'♦ M, 


95 


September 1, 


106 


August 6, 


77 


8, 


79 


•• 27, 


98 


;; 18, 


89 


29, 


100 


September 5, 


107 


August 29, 


100 


September 15, 


117 


8, 


105 


August 18, 


89 


28, 


99 


25, 


96 


September 3, 


105 


18, 


120 


August 28, 


99 


«, 


77 


•• 29) 


100 


September 8, 


110 


I, 


106 


AugOBt 25, 


96 



Last market- 
able ^ars. 



September 17 

:; \ 

** 4 

17 

»♦ 7 

»« 14 

•* 15 

*' 28 

*• 20 

August 80 

September 8 

10 

21 

26 



t» 



16 

August 80 

September 15 

•» 20 

. •• 20 

2t 
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LETTUCE. 

Seeds of the lettuce were sown in the garden drill May 2, and most 
of it vegetated by the 10th of the same month; later it was thinned 
out to allow the formation of large heads without crowding. 

Landr^th's Earliest Cutting proved true to its name, but, forming a 
small head and soon shooting to seed, it is not as valuable to the 
market gardener as many of the larger-headed later varieties. In the 
last column of the table of lettuce is given the form of the head, 
whether loose with leaves upright or in the shape of a cabbage head. 
Defiance is a good summer lettuce. It will be seen from the table 
that its period of cutting was longer than that of any other sort. 
Buttercup has an attractive head, because of the greenish-yellow color 
of its leaves. The head is of a fair size, and being solid, it makes a 
good market sort. Deacon proved to be a very large, solid green head, 
eleven inches in diameter, matured early and did not shoot to seed 
for twenty days after. White Chavigne yielded the largest head in 
our whole list, measuring sixteen inches in diameter (extreme of outer 
leaves) ana weighing seven hundred and twelve grammes. The seed 
was obtained from the United States Department or Agriculture. It 
was badly mixed with seed of varieties similar to Deacon, Brown 
Dutch and White Paragon. 

Lettuce. 



S'»- 

tlnn 



b3r. 



1386 
IMS 

i-Mtf 
1411 
15 U 
\Mi 
i&3n 
1M8 
1402 
MU3 
14U9 
tK)6 
1SH9 
WOO 
1510 
I Kit 
1401 
t4«r7 
HID 

ni8 

1719 



I- 1 'oraAdule Reliable, . . 
Blooms lale Early Summer, 
B tHt'tu Market, . . 

Browu Dutch, 

Balt^roup 

Buitenup, 

Deflf)i;ce, 

Le.icou, .... 

Eany Curled Sile ian, . . . 

Early Sim[Won, 

Greeu Coi?, 

HaDfO-j, 

Landie-h^fiPoroliif;, . . 
Landreih^p Earliest Catiing, 
M. a. ('Hvate Stock, . . . . 

BlmpAOQ 

Teniii<«Ball, . . . . . 

Very 4«.ejt Cnrled India, . . 
White Cos or Ice, ... 

Woite Chavigne, 

White Paragon, 



Seeds from. 



Landreth, . . . . 
Landreth, . . . . 
Ltindreth, . . . . 
Landreth, . . . . 
Thorborn, . . . . 

Ferry, 

D.eer, 

Feiry, 

lisndretb, . . . . 
Landreth, . . . . 
Landreth, . . . . 
Landreth, . . . . 
Landreth, . . . 
Landreth, . . . . 
Thorbnm, , . . . 
Landreth, . ■ . . 
Landreth, . . . . 
Lhudri tti, 
Landreth, . . . . 
U. 8. l>ep\ Agr. 
U. S. Dept. A(fr. 



First head ?!f" 
maketa- ^^'"^ 



ble. 



July 4. 
** "•» 
** 8, 
"20, 
•* 16, 
** 1«, 

"^ 

"5; 



sow- 
ing. 



68 
66 
63 
'.9 
75 
71 
hi 
61 
88 
63 

7a 

68 
66 
60 
67 
68 
61 
68 
64 
61 
63 



La<t head 

luarketa- 

ble. 



Aug. 2, 

•* «t 

July 17. 

Aug. 3, 

;; 18, 

»* 10, 

** 16, 

July 8u, 

Aug. 1, 

July 81, 

•• 28, 

Aug. 4, 

'• 1, 

July 18, 

Aug. 1, 

July 81, 

•• 1% 

Aug. 8, 

" I 

July 80, 



Weight 
of fair 
head in 
grams. 



815 
221 

ei 

185 
121 
165 
187 
267 
868 
885 
271 
8» 
143 

87 
161 
842 

72 
8:0 
527 
712 
819 



Charnc- 
ler »>f 
top. 



Head. 

Head. 

Looee. 

Loose. 

Head. 

Head. 

Loose. 

Head. 

Looee. 

Loose. 

Head. 

Head. 

Lro-e. 

Loo^e. 

Head 

Lo«i»se. 

Lo««He. 

Head. 

L4>o9e. 

Hen . 

Loo e. 



PEAS. 

Over thirty varieties of peas were sown in the garden on the £6th 
of April, devoting thirty feet of drill to each variety. All the tall 
varieties were staked by using split stakes two to three feet long every 
ten feet, with strong twine stretched along either side of the vines 
fiom one stake to the other. This method held the vines in a way 
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that made picking easy. Tlie vines were all left to ripen seed, and it 
was remarkable how little mildew appeared this year. 

The figures in the following table will serve better than full de- 
scriptions of the varieties, to guide those persons wishing to select 
such varieties as will best meet their wants. It is not advisable to 
select a sort that is claimed to answer every want. It remains with 
each grower to decide if he desires especially a pea that is early, or 
late, tall or dwarf, productive, or of a long period of usefulness. All 
of these points can be found in the table below. 

Telephone is a remarkably good producer, and even though it re- 
quires the extra labor of " staking," the return in yield will over-bal- 
ance the expense of the extra labor. The pods and seeds are quite 
large. Earliest of All^ of late introduction, is [another good pea 
among the early sorts. Special attention may be called to No. 1711 
PerpetuaL The seed of this was sent to the Station from the United 
States Department of Agriculture. Although sown at the same time 
as the others, the first pods were picked as late as July 14, but the 
yield was immense, continuing until August 15th. The vines are 
strong and vigorous. 
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RADISH. 

Over thirty varieties of radishes were grown in the garden. The 
seeds were sown in drills, allowing thirty feet to each variety. At the 
time of sowing, May 2d, the ground was in good condition and with 
considerable moisture following. There was reason to expect good 
radishes. In the table below will be found the dates of the first and 
last marketable roots of each sort, indicating the length of time 
through which good roots may be pulled. In dry seasons this time 
may be limited to two or three days with some varieties, and often no 
good roots would be formed without irrigation. 

Of the new varieties tested, the Philadelphia White Box intro- 
duced by Vick, showed itself to be a valuable white radish, the leaves 
only four inches long, the root of the globe type, solid, white and mild. 
No radishes were grown in frames this year, so that we cannot speak 
of the merits of these new varieties fur frame culture, but from all 
indications the above-named sort ought to be a good radish for early 
market. Ne Plus Ultra did not give satisfaction compared with the 
other sorts. The remarkably few small leaves rather detract from its 
value, for they break in pulling the radish unless it be in very loose 
soil. It is certainly no radish for the field, and is the smallest in size 
of the whole list. 

Radishes. 



sta- 
tion 
num- 
ber. 



1468 
1473 
1S81 
1477 
1459 
1493 
1456 
146t 
UM 
14S2 
1474 
1«U5 
1460 

1470 

1471 
1479 
1481 
1407 
1609 
1458 
1592 
14B0 
1478 
14 
1547 
1«» 
1472 
1475 
1476 
1487 
14M 



BPdale Long Scarlet Strap-leaved, 

Chartlers. 

Chartlers Improved, 

Oi.lna Rom Winter, 

Deep Scarlet Turnip, 

Derp Scarlet OllTe-tbaped, . . . . 

Erfurt Turnip, 

Earlv Garnet 

Early WblteTunilp rooted, 

French Breakfast, 

Qolden Globe. 

Laudreth^a Wblte Lady Finger, . . . 
Long Scarlet Short Top (American 

seed), . . . 

Long Scarlet Short Top (Foreign 

soed). 

Long White Vienna, 

Long Whites an ish, 

Long White Red Crown, 

M G. Early Long Scarlnt. 

Ne Plus Ultra Scarlet Turnip, . . . - 

Prussian Globe, 

Philadelphia White Box, 

Rtrd Turnip Rooted, 

Russian Long White 

Round B ack Sp mlsh, 

Raphanns Caudatus (edible pods), . . 
BbortTop White Turuip, ... 

Summer White, 

Svariet China Winter, 

Stntigart Round ^hlte, 

White Tippifd Turnip, 

White OlWe Shaped, 



Seeds 
trom. 


First 

markets 

able. 


Days 
f^om 
sow- 
ing. 


Lnst 
market- 
able. 


Weight 
of aver, 
root in 
grams. 


Landr., 


June 10, 


88 


June22, 


10 


• ♦ 


'• 11. 


40 


♦' 28, 


28 


Ferry, 


t. 10 


89 


" 26, 


12.5 


Landr., 


•• 20, 


49 


July 2. 


75 


• » 


•* 4, 


88 


'* 6. 


12 


• » 


*• 6, 


85 


" 4. 


10 


•« 


** «, 


85 


June 28, 


8 


»i 


•• 8. 


87 


»' 24, 


8 


«t 


»♦ 10, 


88 


July 4, 


10 6 


tt 


" «♦ 


85 


'' 6, 


9 


.• 


** 11, 


40 


June 25, 


24 


• 4 


'* 11, 


40 


»• 27, 


12 


• < 


*» 18, 


42 


July 2, 


11 


t« 


** 11, 


40 


June 29, 


19 


ti 


** H 


48 


July 6, 


7 


t« 


•• 28, 


57 


*• 6. 


81 


*» 


»• 19, 


48 


June 24, 


42 


t( 


»• 10, 


89 


July «. 


15 


Ferry, 


" 18, 


42 


June 24. 


55 


Lundr., 


** 7, 


86 


July 4, 


7 


Vick, 


»• 8, 


85 


June 22, 


20.5 


Laudr., 


** 6, 


85 


July 4. 


12 


•• 


Oct. 6, 


157 


. . . 


178 


It 


** «, 


167 


, 


280 


Thorb., 


June 20. 


49 


July 22 




Landr., 


•• «i 


85 


Jnue80, 


9 




»» 10, 


89 


•' 28. 


18 5 


II 


t. 22. 


51 


July 2, 


60 


II 


»» 24, 


58 


- 13, 


81 


It 


" «, 


85 


" 8, 


8.5 


It 


*• «, 


85 


It 2^ 


11 



Shot to 
seed. 



June 14 

t» )8 

»i 20 

ti 22 

ti 26 

It 28 

tt 23 

*» 18 

It 25 

** 26 

Juue 18 

•• 28 



*• 22 

•• 26 

t« 6 

It 20 

It 28 

July 2 

June 29 

♦• 18 

It .^y 



8 

33 
28 
35 
26 
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tomatoes. 

About thirty varieties of tomatoes were tested side by side, includ- 
ing many of the oldstamiard varieties and several •' novelties," which 
have proven satisfactory in some particulars. 

The seeds were sown in shallow seed boxes on March 19, and kept 
in the greenhouse, where they vegetated in ten days. Four varieties, 
Early Advance, Boston Market, Beauty and Reed's Island Beauty re- 
ceived from the United States Department of Agriculture, some days 
later, were not sown until April 10, which accounts somewhat for the 
later ripening of the fruit and comparatively smaller product of these 
varieties. When the seedling plants were large enough they were 
transplanted to a warm hot bed, with a rather heavy soil, which, with 
careful ventilation, gave us fine stout plants. Of these, the ten best 
plants of each variety were selected to set out in the garden, which 
was done on June 2. Many of them were in bud, but showed scarcely 
any check by the transplanting. There is nothing gained by setting 
out tomatoes much before the first of June, as the temperature of the 
garden soil in May is generally so much below that of the beds in 
which the plants have been growing. In the following table is given 
the time of appearance of the first flower and of ihe first ripe fruit, 
and in the next column is given the number of days from the time of 
transplanting to the garden to that of the ripening of fruit. These 
figures are a better test of the earliness of a variety than those count- 
ing from the time of sowinjr of the seed, since such various condi- 
tions afi'ect the plants previous to being planted in the field. 

The yield of the plants was obtained by weighing all the fruit as it 
ripened on three best plants from each variety, until they were killed 
by frost. The green fruit remaining at that time was not taken into 
account. The weight of single fruits will serve to indicate the size of 
the berries. The greatest yield of all the varieties tested was from 
the old Trophy, but it cannot be recommended for smoothness. A 
cross section of the fruit shows a predominance in solid flesh over 
seed spaces. The Livingston tomatoes found in the table have pretty 
Iruits, round, smooth and almost invaiiable in these characters. Such 
a tomato would give more satisfaction than one that has a tendency 
to cripple even though the product be greater. 

Of the new varieties found in the table we can say the Oolden 
Queen is all that is claimed for it, being a good, smooth, yellow 
tomato resembling the Paragon in size and form, although the figures 
in the table show a greater size and yield of fruit. Ring-leader is 
indeed a large tomato, much lobed, but quite solid with flesh. Vol- 
unteer is about the size of Paraxon, but almost as round as a ball, 
bright red, with thick fleshy walls, quite early and productive. Mi- 
kado is a large tomato with a good yield, fruit somewhat uneven at 
the apex, the foliage is very distinct, being a darker green than the 
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ordinary and having fewer and broader leaflets. Optimua is a good 
smooth tomato, dark red, and solid flesh, ripens early. Dwarf Cham- 
pion is a very distinct variety, dwarf knd stout in growth; holds 
the frait from the ground. Fruit is good, smooth, dark red, solid 
flesh, early and fairly productive. 

Tomatoes, 



Stn- 

lion 

nam- 

ber. 



1493 
1498 
KVB 
1728 
1591 
1190 

1411 
l4Mi 
15118 
1191 
1M)1 
ISSI 
1506 
1584 
Iflna 
1496 
]«94 
1500 
1539 
15M- 
14^ 
1501 
158% 
1727 
1497 
1588 

isa^ 



Arme 

Beriuada. 

Bonlon Market, . , 

B«»*uty. 

Dimrf Champion, .... 

Early Jersey 

Early AdvaiiOa 

Eitra Early or Cluster, . . 
Extra Early Blohmond, . 

Feejee IroproTed, 

Oen ral Grant, ...... 

Oold«n Trophy, 

QoIdeaQu^en 

Orape or Cherry, 

Oronnd Cheny or Hn^k, . 
lyory Ball or Green Gage, 
Livingstone's Beauty, . . 
Livingstone's Favorite, . 
Livingstone's Perfection, 

Mlkndo 

Optlmus, 

Paragon, 

Peach, 

Ring- leader. 

Reed's Inland Beauty, . . 

Trophy ... 

Volunteer, . 

White Apple, 

Yellow Plum, 









Days 






FirFt 


FIrf t fruit 


from 


yield per 




flower. 


ripe. 


plant- 
ing. 


plant Id 
grams. 


Landreth 


June 9, 


Aug. 28, 


82 


88.8 


Landreth 


'♦ 7, 


" 9, 


68 


8445 


U. S. DepS Agr. 


July 19, 


Sepf. 8, 


9.H 


1903 


U. S. Dept. Agr. 


'* 18, 


Aug. 28, 


87 


1624 


Vick. .... 


June IV, 


•• 8, 


67 


2801 


Landreth, . . . 


'* 9, 


" 25, 


84 


2882 


C. 8. Dept. Agr. 


July 18, 


" 29, 


88 


1751 


Landreth, . . 


June 6, 


** «, 


65 


4929 


»4 


•• 7, 


** 7, 


66 


4484 


»i 


** 18, 


" 29, 


88 


8488 


** .... 


** 5, 


July 24, 


52 


2818 




»' 12, 


Aug. 16, 
*^ 14, 


75 


Mil 


Dreer, 


** n. 


78 


3597 


Landreth, .... 


•• 2, 


** 9 


68 




Ferry, 


*' 1, 


'* 16, 


75 




Landreth, .... 
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** 4, 


68 


2770 


** .... 
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4265 


li 
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" 28, 


87 
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** ... 


" 9, 


** 28, 


82 


2866 


Thorbum, .... 


** 5, 


*• 18, 


77 


4994 


Perry 


** 9, 


*' U 


60 


2846 


Landreth, . . 


»» IV, 


*' 8, 


67 


1748 


t» 


*» 13, 


" 9, 


68 


1850 


Dreer, ... 


»» W, 


Sept. 1, 


91 


8876 


U. 8 D-pt. Agr. 


July 18, 


Aug. 28, 


87 


8l.'i9 


Landreth, .... 


June 9, 


- 28, 


82 


6185 


Thorbum, .... 


'* 7, 


- 9, 


68 


5937 


Ferry, 


*» 9, 


*» 16, 


•:5 


2516 


** 


" 9» 


" 8, 


62 


2628 



Weight 
of A fair 
fiuitin 
gram». 



2:8 
78 
160 
29S 
178 
208 
185 
178 
174 
221 
' 109 
178 
206 
1 
2 
42 
217 
809 
282 
278 
145 
178 
88 
476 
86i» 
815 
191 
44 
88 



WEEDS. 

About one hundred feet north of the garden, a plot of ground one- 
twentieth of an acre in extent, that had been used for agricultural 
experiments previously and is known to the Agriculturist as Plot B, 
was plowed in the fall of 1887 and harrowed in the latter part of April 
of 1888, and then left undisturbed to note the character of weeds ap- 
pearing on it during the year. Those springing up in the early part 
of the season checked the growth of many that would have appeared 
later in large numbers if the ground had been cleared. The list of weeds 
given in the table shows very prominently the fact that the bulk of 
our worst weeds are introduced from some other country. There are 
other weeds on the farm and they will be reported in a future bulletin. 
The arrangement in the following list is in accordance to the pre- 
dominance of one weed over the next in the list, as found on this plot. 
A very different arrangement would be necessary to indicate the 
degree of injury each weed exerts on a crop. Weeds are an enemy 
to every owner of property, and to fight them successfully we should 
know the habits of the enemy. The botanical name is given with 
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each weed, since common names are frequently local names and may 
vary in different parts of the State. DiflFerent weeds often have 
the same common name and therefore confusion frequently results 
when such names are depended upon. In order that these weeds may 
be recognized by those persons not familiar with the names, short 
doscriptions will be found in this report. 
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Weeds are most easily destroyed by cultivation in a^ry time, and 
the same operation is beneficial to the crop thus cultivated. Annuals 
should be killed before maturing their seed. Perennials spreading by 
root or underground stem can best be destroyed by depriving them of 
their leaves during their growing season, as no plant can live without 
these important organs for any great length of time. Never leave 
land lying idle to grow up in weeds 

1. Ambrosia artemisicefoha (ragweed, bitterweed, hogweed, Roman 
wormwood). 

A very common annual in cultivated ground ; two to three 
feet high, much branched. The leaves are from one to four 
inches long, alternate on the stem and divided into narrow lobes. 
The flowers not showy, borne on the ends of the branches and are 
of two kinds, male and female, making the plant monoecious. 
The male flowers are in drooping heads arranged along an up- 
right raceme one to three incites long. At the base of the ra- 
cemes are clustered the female flowers, fewer in number and 
erect in the axils of bracts. This weed is found in all corn- 
fields, and may spring up and seed after cultivation has ceased. 

^, Rumex acetosella (field sorrel, sheep sorrel). 

This little perennial is a native of Europe, but has settled itself 
so comfortably in this country that it seems to be a native here. 
An examination of its flowers and seeds will show a resemblance 
to the buckwheat and docks, all of which are found in the same 
family or order of plants. The plant spreads by underground 
runners, which send up stems six to fifteen inches high, bearing a 
few alternate thickish leaves, hastate or arrow- shaped with the 
lobes at the base spreading. The flowers are not showy, arranged 
in a raceme, or compound raceme on the top of the erect stems. 
This plant is said to be dicec^ous, because only male flowers, those 
having stamens, are found on one plant, and the female flowers, 
those having a pistil, on a distinct plant. This weed is seen in 
abundance in sterile land, but that does not prevent its growing 
in fertile soil. From the latter place it may be crowded out by 
more vigorous plants. 

S. Setaria glauca (foxtail, barn, summer or pigeon grass). 

A very common annual grass in cultivated ground resembling 
that plant grown under the name of millet, one to three feet 
high, forming "stools" when vigorous. The flowers or seeds are 
found in the tawny, bristled spike two to four inches long at the 
top of the slender culm. This grass is very prolific in seeds. At 
the Ohio Experiment Station in 1885 it was determined that on a 
plant of eighty-two spikes, averaging 238 seeds to the spike, there 
were over 19,000 seeds. 
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-<. Hedeoma pulegioides (American pennyroyal). 

This plant is well-known by its aromatic scent and taste, and 
is very commonly found in open fields along with sheep sorrel. 
It groves from five to ten inches high, branching and bearing 
short- pet ioled leaves, ovate and green with few flowers clustered 
in the axils of the leaves along the stem. The corolla is bluish 
and slightly protruding from the calyx. As a medicinal plant 
it is extensively used in domestic practice for a variety of com- 
plaints. 

5. Polygonum Convolvulus (black bindweed). 

Another plant belonging to the buckwheat family, though 
twining in habit. One to three feet long, stem smooth with alter- 
nate, almost halberd-shaped leaves ; flowers small in panicled 
racemes in the axils of the upper leaves. There is another spe- 
cies of Polygonum resembling this one greatly, but is a peren- 
. nial instead of an annual, and is commonly called the Climbing 
False buckwheat. 

6. Plantago major (common plantain). 

A native with perennial root, found in yards as well as fields. 
The plant has no appreciable stem, all the leaves radical, (or from 
the root) smooth, broad, ovate with five to seven ribs running 
from the petiole to the apex. The flowers are on the long erect 
spikes growing from among the leaves, six to eighteen inches long. 
These spikes with their ripened seed are given to birds, as they 
relish the food they yield. The best method of clearing a lawn 
of this weed is to cut out the plants hehw th^ crown with a table 
knife. 

7. Polgonum Hydropiper (common smartweed). 

Another member of the buckwheat lamily. In habit the plant 
is erect and branching, one to two feet high with lanceolate 
leaves one to two inches long, the flowers on nodding spikes at 
the top of the branches. This weed is readily destroyed along 
with the other annuals by careful cultivation, not allowing it to 
seed. 

8. Euphorbia hypericifolia (spotted spurge.) 

This is a low spreading plant, found in cultivated soil very 
commonly, but cannot be called troublesome. It may be identi- 
fied by having a milky juice in its tissues. The leaves are alter- 
nate, oblong, one-half to one and one half inches long, often with 
a red spot in the center. The peculiar flowers are arranged in 
loose, leafy cymes at the ends of the branches. 

9. Chenopodium album (Lamb's quarters, pig weed). 

This very common weed grows to a height of five feet in a rich 
soil, while in a poor soil it blossoms and seeds without exceeding 
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one or two feet in height. The height given in the above table 
is low owing to ground being left compact and predominating 
weeds crowding upon the later ones. The stem is stout and 
much branched. The leaves, one to three inches in length, and 
with a white powdery surface are oblong or ovate in form, alter- 
nate on the stem. The larger leaves are coarsely toothed on 
the margin. The flowers of this weed like all those previously 
described, are without beauty of color; they are small, gatheied 
in roundish clusters arranged along slender spikes that termi- 
nate the branches. The young leaves of this weed are sometimes 
used in the kitchen in the same manner as spinach. 

10. Capaella Buraa-pastoris (Shepherd's purse). 

This weed is common in every garden and along roadsides. 
The habit is upright, branching, height six to twenty-four inches. 
The leaves are mostly at the base of the plant and become small 
toward the flowers. The form of leaf is from three to six inches 
long, two inches wide and irregularly cut in at the sides, like the 
leaves of the dandelion. The flowers first appear in a flat head 
which is soon raised higher leaving the seed pods of the earliest 
flowers behind. Each flower on a long pedicel is composed of 
four small white petals arranged in the form of a maltese cross, 
which gives the name ot cruciferae to the family of plants of 
which this is a member. The seed pod or capsule has a resem 
blance to a purse as indicated in the specific and common names 

11. Polygonum aviculare (knot-grass, goose grass or door weed). 

This weed is found in walks and similar hardened surfaces, 
with its branches lying prostrate on the ground. It reaches out 
six to eighteen inches, and its stems are exceedingly tough to a 
hoe. There is a variety of this plant with erect stem and larger 
leaves. The leaves of the specimen being described are about 
a half inch long, alternate, oblong, sessile, with the small green- 
ish white flowers in clusters of three to five in the axils. Another 
annual of foreign introduction. 

12. Veronica peregrina (neck weed or purslane-speed well). 

A common weed in damp ground, three to six inches high, 
branching from the base, the leaves oblong and toothed along the 
margin, almost sessile, opposite on the stem and bearing the in- 
conspicuous whitish flowers in their axils. The pods containing 
many seeds are notched at the top. It is not a troublesome 
weed. 

13. Setaria viridis (green fox-tail grass). 

The name will indicate the close relationship of this grass to 
No. 3, which it resembles in every outward fact except the color 
of the spike-like inflorescence which is green in tliis one. 
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14. Erigeron canadense (horse weed, butter weed). 

An annual reaching maturity at various heights from six inches 
to five feet, according to (he location. The stem erect, branch- 
ing. The laterals not spreading, but rather close to the main 
stem. The leaves are lance-linear with entire margin except in 
the lower leaves, sessile, alternate. The flowers terminate the 
many branches, forming a compound panicle of small heads; 
each head cont-ains numerous minute florets. Those forming the 
outer circle of the head have white strap shaped corollas, incon- 
spicuous. This weed is common in pastures and lawns, it can be 
driven out by not allowing it to ripen seed for a period of three 
or four years. 

15-18 inclusive are well-known fodder plants and need no description 
here. 

19. Achillea Millifolium (yarrow, milfoil). 

A perennial herb one to three feet high, mostly simple but 
branching at top, forming flat-topped corymbs of white flowers. 
Leaves are green and nearly sessile, two to three inches long, ex- 
ceedingly much cut into narrow toothed segments. Flowers in 
heads after the manner of the Erigeron. The white strap shaped 
corollas broad and from six to ten to each head, The whole plant 
has a bitter aromatic scent and taste. It is generally found in 
clumps in pastures or fields and can best be destroyed by digging 
up with a spade, although in Europe it is regarded of some value 
in pastures. 

^0, Sonchus oleraceus (common sow thistle). 

A member of the large lamily known as Compositae, having 
liumerous flowers in a close head, like the dandelion, of which 
each head is frequently taken as one flower. The plant grows 
erect, one to five feet high, with a milky stem bearing alternate 
leaves that are clasping at the base, irregularly pinnatified the 
divisions tipped with soft spiny teeth. The heads of flowers 
arranged in a corymb at the top of the plant, the color of the 
corollas light yellow. The seeds are tipped with white capillary 
pappus similar to that on lettuce seed. Never allow the plants 
to blossom to avoid their spreading. 

21. Linaria vulgaris (butter- and- eggs, toad flax). 

This is not a common weed, although is very generally found in 
bunches, in pasture fields and along roadsides. It is perennial 
with a creeping root stalk from which rise numerous stems one to 
three feet high, smooth, bearing very many narrow pointed leaves 
one to two inches long, of a bluish-green color, and terminated by 
a spike-like raceme of beautiful yellow flowers. The corolla is 
one inch long, two lipped in form, spurred at the base. 
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^^. Cuscnta Oronovii (dodder). ♦ 

This is a leafless herb, consisting of a yellowish threadlike 
stem with a few minute scales instead of leaves, found twining 
over various plants like a coarse web. The seeds germinate in 
the ground, and the plant rising soon becomes entirely parasitic 
on the herbs on which it twines and from which it sucks nourish- 
ment. Flowers are small, white, in clusters soon resulting in the 
round seed pods swelling over the corolla. 

GRAPES. 

Cultivation, 

On the college grounds is a vineyard of 450 vines, most of which 
were planted about fifteen years ago. The location is almost level, 
with our characteristic limestone soil. The vines are trained to 
trellises running northwes*^ and southeast, in order to be parallel with 
some established lines. The trellis is made of upright posts at regular 
intervals and a horizontal rail eighteen inches, and one at four feet 
from the ground, to these are nailed perpendicular laths six inches 
apart. The pruning and training has been according to what is known 
as the Fuller system, but owing to the want of skilful labor previous 
to last year, the vines are not yet in their best shape. The bearing 
wood should be equally distributed over the entire surface of the 
trellis, and from the time this is accomplished, the winter pruning 
consists simply in cutting back the stout canes to spurs of one sound 
bud or eye, cutting out entirely the weak and dead wood, and re- 
placing disabled wood. In a moist soil the great tendency of vines is 
to run into considerable wood, taking strength from the fruit, and 
shading it from the sun. It is therefore necessary to good results to 
practice "'summer pruning." Not however, by waiting until the 
latter part ot July or August and then slashing right and left with a 
sickle, when the berries are full grown; but by beginning when the 
young shoots have grown four or five joints beyond the bunches of 
young fruit and "'pinching" ofi'the heads at about that length, and 
cutting out entirely weak fruitless sprouts. This pinching should be 
attended to about once each week through June and July. This sys- 
tem was practiced on our vineyard this year, and an excellent crop of 
fruit was gathered from the vines; bunches full, heavily shouldered, 
large and immense berries. One of these fine bunches of Concord 
weighed slightly over one pound. The body of the bunch held ninety- 
two berries and the shoulder piece thirty berries, making a total of 
122 berries to the bunch. The largest berry weighed 5.72 grammes. 
Two such bunches were on the one cane. It requires but one 
season's careful pruning to prove the decided merit of the practice. 
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Disease and Remedies. 

The attack of fungus diseases upon the grape this year was not as 
strong as had been observed in former years, and according to reports 
from various paits of this State, grapes generally gave a good crop. 
Signs of black-rot and mildew began lo appear in the last days of 
July. A little mildew was found on the leaves also, and it was de- 
cided to make some tests of the remedies recommended by the United 
States Department of Agriculture, as contained in their circular No. 5, 
dated April 26, 1888. 

The liquids were applied with a fountain syringe after each rain for 
three weeks, and the powders were applied in the mornings when the 
leaves were moist with dew. 

The remedies used were as follows : 
1. Simple Solution o^" Sulphate of Copper, — Made by dissolving one 
pound of pure <*ulphate of copper in twenty-five gallons of water. 
Applied with syringe to berries and foliage. 

5. Bordeaux Mixture, — Made by dissolving sixteen pounds of sul- 

phate of copper in twenty-two gallons of water, and slacking 
thirty pounds of lime in six gallons of water in anotiier vessel. 
When the latter mixture has cooled, the two are poured together, 
carefully mixing them by constant stirring. Applied with syringe. 

6, Eau Celeste^ Modified. — Made by dissolving two pounds of sulphate 

of copper in two gallons of hot water, and in another vessel dissolv- 
ing two and one-half pounds of carbonate of soda in two gallons 
of hot water, the two solutions are then mixed and when chemical 
action has ceased, one and one-half pints of ammonia are added, 
and then the mixture is diluted to twenty- two gallons with water. 

16, Sulphur. — Flowers of sulphur, applied as a powder for mildew on 
the foliage. 
These remedies have been used with good results elsewhere, but we 

did not have enough of the diseases this year to make a good test of 

them. 

Varieties. 

Two year-old vines of the following varieties of grapes were planted 
in the vineyard in the spring of 1886, for the purpose of testing their 
meiits : 

1. Worden, — ^The vines were noted in 18S7 as having made very good 
growth. July 11, 1888, a healthy growth on which was set con- 
siderable fruit. The exact date of ripening was not noted, but it was 
observed in September that the bunches were loose, with defective 
berries, black, quality extra. Next year should give us a better 
test of this new variety. In the Chautaqua Vineyard district 
this variety is placed second only to Concord on the score of 
general merit. The berries are claimed to be larger than those 
of Concord and to ripen earlier. 
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^. Brighton, — The plants made but a slight growth in 1887, bearing 
no fruit. This year there was a good growth, with some fruit, 
bunches good, compact, berries resembling Oatawba in color, 
quality good. 

S. Delaware. — Made a fair but slender growth in 1887. This year it 
made a good growth with considerable fruit, close bunches and 
quality extra. The berries are light red in color, the size of Clin- 
ton's, but its flavor will recommend it widely. This is not a very 
recent introduction and is known to stand our winters. The entire 
plant, its canes, leaves and berries are on a smaller scale than 
most grapes, even at its best. 

4. Linnley (Roger's No. 9). — Vines made a vigorous growth last year, 

yielding a little fruit. This year there was a good, strong growth, 
with more fruit. The bunches were loose, as generally claimed 
for this grape, berries round, red, some defective, quality very 
good. 

5. Salem. — Evidently a strong grower, by the vigorous shoots of last 

year and this. Some fruit was produced this year, bunches loose, 
berries round, red, large and quality good. 

6. Lady. — A fair growth last year, setting and ripening a little fruit, 

but no better this year. This is said to be a white seedling of 
Concord. The berries are about the same size and of a light 
greenish-yellow color. The quality is extta, though there are 
better whites. 

7. Pocklington. — A fair growth last year. This year a good growth 

with much fruit, bunches small, berries large, light yellow, quality 
good, with a foxy flavor. By some growers considered first among 
the whites. 

8. Prentiss. — Has made only a fair growth as yet, with but little fruit, 

light greenish-yellow in color. 

9. Niagara, — This variety has made a good growth each year, yield- 

ing considerable fruit this year. The bunches full, compact, 
berries large, round, greenish yellow, good, with a foxy odor. 
Likely to prove more satisfactory from older vines. 

10. Duchess. — The vines made a slight growth last year, with some 
fruit; a better growth this year, with but a little fruit, which was 
very good. It is a white grape, of variable size in the berries and 
it is said easily susceptible to mildew in some localities. 

Some additional varieties were added to the vineyard in the spring 
of this year, namely : 
Jefferson. — A red grape, claimed to be a cross between Concord and 

Ion a. 
Catawba. — A red vinous grape, late in ripening. 
Isabella. — The old vigorous grower, with black berries. 
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Wilder (Roger's No. 4). — With large black berries. 
Moore^s Early — Said to ripen with Hartford Prolific. If the berries 
stick to the bunches when ripe, it will be a valuable improvement . 

OBCHABD Fl^UITB. 

The old orchard on the college grounds contains some 450 trees that 
were principally planted about 1860, but no record of the early plant- 
ing can be found. Including some recently planted young trees there 
are represented about forty varieties of apples in this orchard, besides 
a few others that have not yet been identified. 

In the spring of 1886 a young orchard of pears, plums, quinces and 
apricots was planted, chiefly for the purpose of testing a number of 
varieties. These include, among pears, the following: Le Conte, 
KieflFer, Smith's Hybrid, Suet Tea, Cocklin, Qarber, Early Harvest, 
Bartlett, Beurre Diel, Duchesse d'Angouleme, Lawson, Sha Tea, 
Mikado, Vicar of Wakefield, Flemish Beauty, Seckel, Louise Bonne de 
Jersey, Onondaga (Swan's Orange, Beurre d'Ai^jou, Easter Beurre, 
Sheldon, Lawrence, Doyenne d'ete.), Howell, Clapp's Favorite, 
Josephine de Malines, Beurre Clairgeau, White Doyenne, Tyson, 
Winter Nellis. 

Among plums the following varieties : Yellow Gage, Coe's Golden 
Drop, Lombard, Gen. Hand, Imperial Green Gage, Smith's Orlean's, 
Bavay's Green Gage, German Prune, Moore's Arctic, Purple Dam- 
son, Duane's Purple, Miner, Yellow Egg, Washington, Bradshaw, 
Bryanstone Gage, Orange, McLaughlin, Goliath, Fellemburg, Pond's 
Seedling and Wild Goose. 

01 quince, the following: Apple or Orange, Champion, Rea's 
Mammonth, Meech's Prolific and Augurs. 

Of apricots : St. Ambrose, Peach, Purple and Breda. 

At present this young orchard contains 150 trees. The ground is 
being cultivated and free from weeds. The Chinese pears have made 
luxuriant growths, and held their large glossy leaves late into the 
autumn. The Mikado this year yielded on two trees twenty-two fine- 
looking fruits of a firm white texture, with a perfect form and an 
evenly colored yellow skin, but when tested in the latter part of No- 
vember the fruit was devoid of juice or flavor. A few other varieties 
of pears ripened a few fruits, but not perfect specimens, except some 
Kiefiers, which were of a medium size and a fair quality. 

The plum and quince trees have made excellent growth, the latter 
giving a few fruits this year on the Champion and Rea's Mammoth 
that promise good results for the future. 

The apricots have lived through the last two winters tolerably well, 
but have not yet gained much size. 

\\a State Oollbgb. 
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phenologioal obsbbvations. 

The influence of climate on vegetation is strikingly illustrated in a 
record of the dates when the first foliage, flowers and fruits appeared 
upon plants and trees growing in the same locality. Much vegeta- 
tive action in the spring is due to heat and moisture only ; no nour- 
ishment from the soil being needed. A simple and interesting exper- 
iment on this point, is the following : a few dormant twigs of flower- 
ing wood cut from a bush of Forsythia Viridissima on the 30th of 
January, were put into a vase that the ends might be kept in water, 
and the vase thus arranged was placed in a room of about 62^ Fah- 
renheit. In one week's time the buds had pushed out of the enclos- 
ing scales and a few days later the twigs were literally a mass of yel- 
low bell-like corollas. The experiment might be tried in December, 
with equal results, and distilled water may be used if it is thought 
some nourishment is extracted from ordinary water. 

Phenological notes are of service to such persons as are contem- 
plating the planting of ornamental or shade trees; for while a Ca- 
talpa, for example, is known to be a rapid grower, has large leaves 
and makes a healthy shade, yet when it is found, as shown in the 
notes of the table, that the Oatalpa does not come into leaf until the 
28th of May, when other trees have long been affording a heavy 
shade, we then have a serious objection to planting such a tree for 
such a purpose. 

Such observations are of great service to the forester, also, particu- 
larly if they are taken at numerous points over the country, in order 
to note the capacity of a species for acclimatization. 

The following tables are not complete, but will indicate the char- 
acter of the notes to be taken and many persons interested in vegeta- 
tion in any form will find such observations, taken in their own local- 
ities, of considerable value. 
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Trees. 



16S 



Comcoif NAine. 



Aroc'rioaB Aeh, 

Ap|tle. 

Aaftrlan Pine, 

▲mericaa Elm, 

Box Elder, 

Birch, 

Be«ch, Pxirple, 

Cberry, 

Cherry. Choke, 

Catalpa. . 

Cucu. t b*ir Tree, . . . , 

Honey L icust, . . . . 

Horne OheHtnut, . . . . 

Kentacky CoS(»eTre6, 

Larch. European, . . , 

Linden, American, . , 

LocostTree, , 

Maple, Norway, . . . . 

'* Red, , 

" Silver, . . . . . 

Norway Spmoe . . 

Feach, , 

Pear, 

\laluat. Black, . . . . , 



BoTAmcAL Namk. 



FraxtnoK Anierlcana» . . • • 

Pynai Malax, 

Plnos AnAtriaoa, 

Ulmvs Americana, 

Neguodo aceroldee, . . 

B<uula aliia var. PopolifoUa, . 

Fagos sylvatloa, 

Cerassns, ......... 

Cerasflns Vlrglnlana, 

Oatalpa Speoiosa, 

MagnollM Aoamlnata, ..... 
Qleditohla Iriaoanthos, .... 
Aesculiu Hippocastanom, . • 
Qymaooladns Ganadenais, . 

Laris Europea, 

Tilia Americana, 

Boblnla pnendaoacia, 

Acer p«eadoplatana0, ..... 

*^ mbrom, 

*^ dasycarpom, 

Abieo excelsa, 

Pmnns pMraica, 

Pyms oommnnis, 

Jnnrlans nigra, 



First 
leaL 



VI, 15 

V, 12 



V, 

vT- 

V, 
V, 

nr, 

V, 

IV. 

V, 

V, 

V, 

V, 

I 

V, 



First 
flower. 



▼, 4 

V, 8 

V' ' 

V. 1 

IV, 80 

IV, 80 

IV, 80 

Vr,' 20 

V, 25 

VI, 14 
V, 19 



V, 8 

VI, 5 
VI, 5 
V, 5 
IV, 1 



V, 



V, 81 



Ripe 
fmlt. 



Com- 
plete 
change 

of 
foliage. 



IZ, 80 
VI, 18 

'x,**i 



IX, 26 
VI,' 6 



X. 2 

IX, 28 



X, 8 

X, 8 

X, 11 



1; 



X, 6 
X, 10 
X, 6 



X, 6 



Natiye 



cnlUra- 
ted. 



Natire. 
Colt. 



Natlye. 
Cult. 



Natlye. 
Cult. 



Natlye. 
Cult. 



Native. 



Shrubs. 



ComcoN Namk. 



umlng Bush, 

Currant, 

Ider 

Forsythia, 

Honeysuckle, Upriglit, 
Vine, . 

apan Quiooe, .... 

udas 'Iree, 

Mahonla, 

Mock Orange, .... 

Privet, 

Purple Fringe, .... 

hadbu-^h, 

SllyerblU, 

weet Briar, 



BOTA2nOAX# Naicb. 



Euonymus atropurpureus, . 
Rlbes rubrum, . . . . 

S.unbucus Canadensis, . . . 
Foroythia vlridiasima, . . . . 

Lonicera Tartarica, 

" HaUeana, 

Cydonia Japonica, 

Cercis Biliquastnun, 

BerberlP aquifolium, 

Philadelphus ooronarins, . . 

Ligudtrum vnlgare, 

RhusCotinus, 

Amelanchier Canadensis, . . 

Haleoia tetraptera, 

Rosa rublginosa, 

Sassafras officinale, 



First 
leaf. 


First 
flower. 


Ripe 
fruit. 


IV, 28 

V, 8 
V, 2 
V. 6 
IV. 26 
IV, 28 

IV, 28 

V, U 
V, 18 
V, 7 
V, 4 
V, 16 
V, 6 
V, 10 
V, 4 
V, w 


VI, 10 

V, 12 

VI, 20 

IV, 27 

V, 15 

VI, 18 
V, 8 
V, 10 

V, 8 

VI, 10 
VI, 15 

v; • '2 

V, 14 

VI, 18 
V, 8 





Native 

or 

oul ivated. 



CulUvated. 



Nattve. 
Cultivated. 



Native. 

Cultivated. 

NaUve. 



Herbs. 



COMlfOH NaMB. 



Ohlckweed, . . . . 

Blondroot, 

Crocus, 

Dandelion,. . . . 

Liverleaf, 

Narcissus, . . . 

Tulip 

Trailing Arbutus,. 
Tnalictrum, 
Hhepherd*s Purse, 
Strawberry, . . . . 
White Violet, . . . 



Botanical Nams. 



Stellaria media, 

Bangulnaila Canadensis, . . 

Crocus luteus, 

Taraxacum den^leonis,. . . . 
Hepatioa triloba, . . 
Narcissus Pseudo Narcissus, 

Tulipa Oesneriana, 

Kplgea repens, 

Thaflctrum anemonoides, . . 
Capeella bursa-pastoris, . . . 

Fragaria Vlrglnlana, 

Viola blanda, 



First 
leaf. 



IV, 24 
IV, 9 



m, 28 
III, 28 



IV, 26 



First 
flower. 



IV, 28 

IV, 20 

IV, 1 

IV, 28 

IV, 17 

IV, 22 

IV, 80 

IV, 7 

IV, 28 

IV, 25 

V. 8 
IV, 20 



Ripe 
fruit 



VI, 26 



V, 20 



VI, 10 
VI, 15 



Native 

or 

cultivated. 



Native. 



Cultivated. 
Native. 



Cultivated. 
Native. 
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AN EXPERIMENT IN FORESTRY 



BY WM. H. BUCKHOUT. 



There are but few subjects which have been written upon and dis- 
cussed more frequently in the agricultural journals in recent years 
than that of forestry. The need of paying more attention to the ren- 
ovation of our forests by the planting of trees or the protection of new 
growth has been very fully and ably set forth in these journals, and 
in the discussions at farmers' gatherings. It has been shown that our 
forests are disappearing, and that their natural replacement is slow 
and imperfect. So marked is this in the older parts of the country 
that timber and lumber of all kinds are drawn from remote districts, 
and it has become a serious question where the future supply is to 
come from. Moreover, various incidental benefits, climatic and 
sanitary, are claimed with apparent good reasons to be due to our 
wooded acres. So far, however, the discussion of forestry matters has 
not resulted in much practical work. Few persons are willing to 
expend time and money and land in tree-raising on a large scale with- 
out some better guarantee of the success and value of the undertaking 
than we now possess. Enthusiasts may urge the need and value of 
it, may point to the care and attention to such matters in other coun- 
tries and the great benefit that will accrue climatically from having a 
certain proportion of our land wooded, but the practical man will sUll 
hold back. He must be more certain of the money value of the enter- 
prise ; and further it is to many people an entirely novel idea, ot the 
practicability of which they may well have serious doubts. Few 
enterprises require so long time and are attended by so much risk ; 
and there are few concerning the actual details of which so little is 
definitely known, since we have had no forest practice worthy the 
name in this country. 

It has seemed natural, therefore, that our^xperiment stations should 
endeavor to lead the way in some line or part of forest experimenta- 
tion, according to the facilities which they severally possess. Penn- 
sylvania has been one of the well- wooded States ; moreover, she still 
furnishes large quantities of wood materials, and has large areas 
which support forest growth. The forests are gradually disappearing, 
and in large part the land which they occupied is fit for nothing ex- 
cept a new tree growth. Natural replacement is often unsatisfactory 
in that the varieties of trees which appear spontaneously are not the 
best, their growth is not uniform and there is great diflBculty in pro- 
tecting them. Nevertheless, it is the only kind of reforesting that is 
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now going on, and it even receives no help and bat scant encourage- 
ment. 

It has seemed to the writer that one of the most instructive things 
for our Station to undertake would be the study of the forest problem 
as it is presented to us in our own vicinity, which is a good type of the 
whole mountainous part of the State. The practical difficulties con- 
nected with this problem are neither few nor small. Our mountain 
lands are rough and rocky, with soil so thin that it seems doubtful 
whether they can be made to support a tree growth, and yet, for the 
most part, they have done so in time gone by. This stony soil, mixed 
with the matted, woody roots of various shrubs, cannot be treated in 
any ordinary way, and tree planting here is totally unlike that upon 
arable land. Especially does it require slow and patient labor; that 
kind of labor which is very hard to get, since most men would like to 
see immediate results from their work and do not take easily to any- 
thing out of the ordinary course. At best the labor required is such 
that an important object in any experimenting should be to show the 
cheapest and easiest method of reforesting. With this in view we 
have secured the use of a small piece of land on the southeast side of 
Tussey Mountain, which is a fair average of mountain land, and is just 
such as must be used if in the future there should be any extensive 
forest planting over our mountainous districts. Cut over some forty 
years ago for charcoal it had since grown up to a mixed growth of 
chestnut, pitch pine and various shrubby species, all of which had 
been subject to periodical fires, so that the growth was thin and un- 
equal. No preparation was given except to cut off and burn all the 
brush. Had we not been hurried because of the lateness of the season 
it would probably have been better to have burned over the whole 
surface so as to have killed the smaller shrubs and have burnt out 
some of the roots, for one of the chief difficulties in planting was 
the densely interwoven roots encountered in many places, which not 
only made it difficult to set the trees properly, but quite slow and 
tedious work. 

The trees planted were chestnut and white pine, the former being 
about six to eight inches high with very prominent tap roots, and the 
latter rather larger, averaging ten inches, and trees which had been 
once transplanted. They were set about five feet apart by digging 
small holes with a mattock, and no extra pains was taken with them. 
This place was selected in part because it seemed specially protected 
from fire, having a small stream upon one side, a spring which feeds 
a rill upon another, and a spring and rill on part of a third side. 
With care in burning around the patch each spring for a few years 
we hope to keep out the fire. Besides the danger from fire another 
drawback to the success of our project is found in the young cattle 
which are driven each year to find pasture among the mountains. 
We are obliged to keep them out by a fence. On a very small scale 
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we have tried seed-sowing. Selecting a place which had recently 
been burned over, we have sowed broadcast a small quantity of white 
pine, white birch and locust seeds making no effort to prepare the 
ground or to cover and protect the seed, but trusted to the germina- 
tion of some which may find suitable conditions in the interstices 
here and there. However, unpromising this method may seem to be, 
we were induced to give it some trial, since if it should prove but par- 
tially Buccessful it would very materially reduce the cos: in reforest- 
ing which seems likely to be the one objection most difficult to meet. 
The seeds chosen are fair types of the lighter, middle weight and 
heavier tree seeds, and in a state of nature frequently spring up 
spontaneously even in such abundance as to make a compact forest 
covering. 

By way of making a more careful comparison we have duplicated 
this work on the College farm where we have a cultivated soil quite 
different in its character and surroundings from that before men- 
tioned. 

This, at present writing, is the extent of our work. It was our in- 
tention to have prepared some additional ground during the fall and 
planted thereon seeds of chestnut and white pine so that we could 
compare the growth direct from seed with the seedling trees. But 
(he difficulty of getting labor, with the pressure of other duties, has ' 
made it necessary to defer it until spring. 

It is obvious that whatever of value such experiments as these may 
have can appear only after some years have elapsed, and that trees 
of size suitable for any manufacturing purposes can not be had short 
of a score of years. But although no practical return may ever be 
derived from this particular piece of work, we hope by care and 
watchfulness to be able to maintain it at least long enough to reach 
some definite conclusion regarding the practicability of ariificial re- 
foresting, and the best way of doing it, should it prove to be. practi- 
cable. We have reason to believe that as the forestry problem is one 
which must be studied largely on the forest lands themselves, we 
shall thus have all the phases of it so persistently presented to us 
that we shall not err in our judgment because of inexperience or 
failure to appreciate what are the real factors in the case. Between 
the negligent inactive policy regarding mountain lands which now 
seems to prevail, and the contempt with which they are regarded 
when once they have been stripped — between this and the roseate 
views of enthusiasts, who can not see the practical difficulties in the 
way — there would seem to be some middle course worth seeking for. 
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RELATION OF METEOROLOGICAL CONDITIONS TO THE DE- 
VELOPMENT OF CORN. 



WM. FBEAR AND WM. H. CALDWELL. 



The predominant natural influence atfecting the growth of a crop 
in any locality is that of climate. This is far more influential than 
fertility of soil, though there is a certain minimum of that essential to 
plant life ; but it is a matter of common observation that with excep- 
tionally favorable climatic conditions flne crops may be grown on 
comparately infertile soils. Each plant has its own most favorable 
climate. It is a marked property of cultivated plants, as compared 
with the wild species or varieties, that they may be grown success- 
fully under ranges of climatic condition wider than those well adapted 
to the original, uncultivated species. But a change of climatic sur- 
rounding is generally accompanied by a variation in proportional de- 
velopment of the plant. 

The maize plant, with its wide range of territory, has a correspond- 
ing range of variation in its variety types ; from the tall, large- eared, 
but very leafy Dents of the south to the low, small-eared, but abund- 
ant grain producing Flints of the north. Notwithstanding this excep- 
tional power of adaption to surrounding conditions, the maize crop is 
as much influenced in development by the seasonal variations as any 
crop we cultivate. In other words, the conditions favorable to the 
best development are fixed within a narrow range for any varieties 
adapted by long culture to the general climate of a given locality. It 
is a well-known fact, that with all its adaptability, corn cannot be 
brought to maturity in England with the cool, moist, cloudy summers 
prevalent there, and it is believed that the heat of American summers, 
even in the higher latitudes, is the special climatic feature that makes 
the culture of this valuable plant possible over so extended an area, 
reaching from Central America to Canada. 

As was stated last year, the knowledge we possess concerning the 
effects of the several elements which unite to form our climate, lacks 
definiteness, and the results of a series of observations upon the rate 
of growth of corn were compared with the meteorological observations 
carried on at the same time, with the hope that careful comparison 
might bring out into greater prominence those elements producing the 
most favorable influence upon our varieties of that crop. 
. This year the observations were continued, the seed being an 
acclimated yellow dent, and the same method of measurement being 
followed. Six plants were selected and the increase in height noted at 
intervals of several days. For this purpose, the tip of each new pair of 
leaves was used as the point of departure for the days immediately 
succeeding its appearance. From the figures obtained, an average was 
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struck, which was assumed to represent the actual growth for the in- 
terval, and by dividing by the number of days intervening, the daily 
rate of growth was obtained. It was hoped that in this manner errors 
in measurement, arising from the appearance of new modes of growth, 
would be distributed over the diflFerent plants and thus eliminated. 
This method cannot take into account the variation in the rate of 
growth due to climatic changes as distinguished from those due to the 
development of the special organs of the plant (at ears and tassel), 
nor to the less noticeable, but no less present, difference in the rate 
of growth caused by a difference in the stage of maturity ; it assumes 
also that increase in material in the plant, which is doubtless the best 
measure of its growth, is accompanied by a proportional development 
of plant organs. All that is claimed for it is, that it serves quite well 
for comparative purposes, even though it does not give results that 
are absolutely correct. 

The following remarks, upon the development of the plants, will be 
of interest: May 8, six hills of corn, one and one-half feet apart, 
three kernels to the hill, were planted in the garden, and covered to 
a depth of one and one-half inches. The spot was slightly shaded in 
the p. M. The corn was up in all the hills on May 22. From this day 
to June 18, the number of plants having been reduced to one in each 
hill, measurements were taken, but from mistake by the wrong 
method; on June 18, when the plants were 8x12 inches high, the 
mehhod above mentioned was returned to, and measurements were 
continued until August 22, although no increase in height was noted 
after the 8th. The plants were cultivated last on July 23. One tas- 
seled on July 13, two more on 19th, two more on 23d, and the last on 
July 31, by which time ears showed on the three that tasseled first. 
The position for growth was not quite so favorable as in 1887, though 
there was no difference between the six hills in this respect. 

In the following table will be found a statement of the mean inter- 
vals of growth of the six stalks : 



July 



19, . . 

20, . . 


. . 1.6 inch 
. . 1.6 


21, . . 


. . 1.6 " 


2-2. . . 


. . 1.9 " 


23, . . 


. . 1.9 " 


24, . . 


. .25 " 


%\ . . 


. .2.9 " 


26, . . 


. .2.4 


27, . . 


. . 1.9 " 


28,. . 


. . 1.3 " 


29, . . 


. . 1.1 " 


30, . . 


. . 1.5 " 


1,. . 


. 2.3 *• 


2.. . 


. . 1.6 •* 


3,. . 


. .2.3 *• 


4, . . 


. .2.7 " 


5, . . 


. .3 " 


6, . . 


. .2.3 " 


7,. . 


. .2.7 " 




July 27, .... 4.3 inches. 

2J«, . . . .2.9 •* 

29, ... . 1.6 " 

30, ... .2 " 
81 1.7 " 

Aug. 1, .... 1.9 *• 

2, .... 1 " 

3, .... 1.2 »* 

4, ... .0.9 " 

5 0.6 »• 

6 0.1 ♦* 

7, .... " 

8, . . . .a2 •* 
9 ** 

10, ... .0 *• 

11, ... .0 

12, ... .0 ♦« 
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In order to show more clearly any relations existing between the 
observed rate of development and the meteorological conditions, 
there have been plotted upon the following chart : 

Variation of the Orowth of Com and Principal Meteorological Con- 
ditions for 1888. 

1st, the mean daily rate of growth. 

2d, the mean daily atmospheric temperature. 

3d, the mean daily soil temperature at three inch depth. 

4th, the mean daily humidity. 

5th, the mean daily rate of evaporation. 

6th, the daily rainfall. 

These data are represented by broken lines ; to eliminate minor 
disturbing variations, curves have been drawn representing overlap- 
ping averages of these data* for periods of five days, so selected that 
the fourth and fifth days of any period were the first and second of 
the period next succeeding; the averages thus obtained were placed 
on the chart opposite the third day of each of these periods, and the 
curves drawn through the point thus located. 

A study of these curves in 1887 showed that the temperature was 
the controlling element among the meteorological conditions of that 
year. The corn was planted May 12, and reached its average maximum 
height of 80 inches, by July 23, a period of seventy-two day«, during 
which there was a mean daily temperature of 70^, a precipitation of 
8.3 inches, thirty -one days on which more than .01 inch of rain fell, 
and a mean daily cloudiness of 4.2 on a scale of 10. 

In 1888 the corn was planted May 8, and attained it« average maxi- 
mum height of 81 inches on August S, an interval of ninety-two 
days, during which there was a mean daily temperature of 67°, a 
precipitation of 11.5 inches, falling on twenty-eight days, of which 
thirteen occurred before June 1, and a mean daily cloudiness of 4.9 
on a scale of 10. Under these conditions the influence of variations 
in the temperature seem predominant, in such a degree, indeed, that 
variation in the other conditions within their observed ranges, were 
productive of no measurable influence upon the rate of growth. 
Unless it be that the rain-falls of June 21 and 23, and that of July 
20, may account for the slight increase in the rate of growth, as com- 
pared with that which would theoretically have obtained had the line 
of increase followed the lines of variation in atmospheric and soil 
temperature as closely as usual. 

Prof. C. S. Plumb made certain somewhat similar observations 
during 1886, at the New York Agricultural Experiment Station, the 
result of which he has just recently published.* Beginning with 
May 21, the date of planting, the last seven plants completed its 

♦Agricultural Science, Vol. Ill, p. L 
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growth ia height ty August 1, but the principal growth was complete 
by July 25th, a period of sixty- five days, during which there was an 
average are temperature of 69^, an average soil temperature at 2 p.m., 
and at three inch depth, of 72^, a rain-fall of 7.53 inches, and a sun- 
shine of about 6.5 hours average daily duration. The soil was quite 
uniform, unmanured, fairly moist, and kept fairly free from weeds by 
hand cultivation. His results did not show the same close corres- 
pondence between temperature variation and rate of growth, but 
here too the principal factor in production of variation, leaving out 
of account the effect of the development of special organs at the 
proper stage of growth, seemed to be temperature, with probably a 
somewhat large influence, due to rainfall. It is difficult, owing to a 
difference in the method of measurement, to make any close com- 
parison of Professor Plumb's results with those obtained by the 
method employed at this station. The results were cited rather for 
the sake of a comparison of final measurements and average climatic 
condition. 

In the prosecution of this work all the care of detailed observation 
devolved upon Mr. William H. Caldwell, while the planning of the 
work and comparison of results has been performed by the writer. 



METEOROLOGY. 



WILLIAM FREAR. 



It is universally known that the climatic relations of any locality or 
season determine chiefly the success in culture of the crops raised, 
but very little is known concerning the exact relations of climatic 
differences between several locations or seasons to the success or fail- 
ure of any given crop, except in the most general way. It is very 
desirable, therefore, to fix accurately the climatic conditions under 
which field investigations are carried on, and to determine, if possi- 
ble, to what extent and in what way a given change in any of the 
conditions that go to make up weather, affects the various plants sub- 
mitted to test. 

The work of the past year has been chiefly a continuation of the 
work of the preceding years, including observations of the kind usu- 
ally made by the U. S. Signal Service upon atmospheric phenom- 
ena, and also observations upon soil temperature at various depths, 
upon the amount of sunshine, and the soil moisture. 

The results of the observations upon atmospheric phenomena have 
been reported regularly to the Chief Signal Officer, U. S. A., and to 
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the State weather service, and weekly crop reports have also been 
sent to the State service. 

ATMOSPHERIC METEOROLOGY. 

The latitude of the Station is about 40^ 55', and the longitude about 
77^ 51'. The altitude of the superintendent's house, where the me- 
teorological instruments were placed, is about 1,185 feet above sea- 
level, the elevation of the barometer's mercury level being 1,191 
feet. 

The apparatus used consists of a standard mercurial barometer, 
reading to y^^inch; dry and wet-bulb, and maximum and minimum 
thermometers by Green, in addition to a standard three-inch rain-gauge 
and an anemometer. 

The thermometer shelter was placed against the north east end of 
the house, at a height of about twenty five feet from the ground. 

The observations up to June 1, were in immediate charge of Mr. H. 
J. Patterson, now chemist in the Maryland Agricultural Experiment 
Station ; after that date they were made by Miss Blanche Patterson. 

In the following table is presented a summary of the observations 
for the past year. The observations in full will be found in the ap- 
pendix. 
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SUNSHINE RECORDS. 

The importance of sunshine in plant development needs no com- 
ment. The method adopted by the United States Signal Service of 
recording the per cent, of cloudiness at 7 a. m., 2 p. m. and 9 p. m., 
affords only a moderate approximation to the renl degree of sunshine;' 
therefore, the desirability of determining more closely the amount of 
sunshine received by the vegetation of this locality. This was done 
by means of the apparatus described in last year's report, by which 
the image of the sun as it travels about a spherical reflector, traces a 
corresponding arc of a circle upon a sensitized paper placed in a 
camera focused upon the image in the reflector; any break in the 
sunshine causes a break of similar duration in the photographed path 
of the sun's image around the sphere. By this method it is possible 
to get a record only of the duration of sun's length, and not of the 
relative intensity. 

The observations were in the charge of Mr. W. H. Caldwell; the 
computation from the fixed photographs were made by Miss Blanche 
Patterson. 

The following table shows the daily duration of sunshine from April 
4 to November 18, covering the growing period: 

Sunshine Records^ 1888, 





April. 


Maj. 


Jane. 


Jnlj. 


August. 


Septem. 
ber. 


Octo- 
ber. 


NoTcm- 
ber. 




H. M. 


H. M, 


H M 


H. M. 


H. M. 


E, M. 


H M 


H M. 


L . 




5 40 
None. 


12 56 
8 11 


10 20 
12 8 


4 
18 4 


None. 
12 


8 46 
8 46 


6 II 


2, :... :: 


.... 


8 40 


»; 




2 38 


18 27 


18 27 


10 2 


None. 


4 12 


1 86 


4, . . • . 


2 
Hone. 


7 18 
11 18 


10 16 
12 48 


12 8 
None. 


9 21 
1 4 


None. 
5 17 


8 
8 88 


6 


5 


7 


6 


10 88 


11 50 


« 


9 48 


7 2 


None. 


None 


6 20 


7, 


8 10 


11 18 


12 48 


• 


18 60 


None. 


2 82 


4 12 


a - 


ft 87 


None. 


12 4 


6 9 


10 58 


None. 


None. 


Nonn. 


9, 


9 44 


2 28 


9 54 


9 49 


12 12 


None. 


4 12 


2 24 


10, 


None. 


None. 


5 28 


« 


13 41 


None. 


9 21 


None. 


ii; 


6 


None. 


12 16 


11 20 


• 


4 


None. 


4 90 


w, 


8 4 


None. 


• 


None. 


6 81 


6 44 


None. 


6 66 


i? 


U 27 


18 49 


12 88 


10 66 


9 8 


4 28 


None. 


7 2 


14. 


2 


8 14 


8 20 


10 16 


10 3 


12 8 


None. 


6 68 


J5^ 


62 
8 87 


6 5 
6 59 


8 51 
12 


9 40 
18 12 


9 17 
11 21 


None. 
None. 


2 44 
4 21 


None. 


16 


None. 


17. 


7 51 


12 50 


12 16 


11 21 


None. 


None. 


8 


5 n 


18, 


8 41 


2 24 


• 


8 4 


5 88 


9 44 


6 27 


None. 


19, 


3 61 


None. 


11 21 


None. 


• 


10 


5 21 




20, . 


^one. 


18 7 


• 


11 2 


12 


None. 


4 




21, 


1 52 


10 24 


8 4 


12 56 


None. 


11 67 


None. 




22 


10 55 


9 28 


8 4 


' 11 45 


None. 


10 27 


1 8 




28, 


4 48 


8 16 


7 16 


12 4 


12 4 


9 31 


None. 


• • . . 


24, 


12 58 


None. 


8 57 


13 4 


12 4 


2 7 


4 56 




25, 


11 10 
38 
9 52 

8 


8 49 
None. 
10 88 

8 6 
12 4 


11 16 
11 2 
7 2 
None. 
None. 


18 2 
49 
6 12 
12 4 
12 


11 28 
9 41 
4 4 

12 4 
8 60 


None 

8 28 

9 54 

7 14 

• 


4 40 

None. 

None. 

1 58 

1 7 




28, 




27^ , 




28 




2d, 




30 


6 60 


None. 


11 16 


9 82 


11 6 


8 5 


8 16 




81, 




8 18 




11 1 


None. 




6 41 










Total 


186 26 
6 54 


18« « 
5 44 


243 42 
922 


282 5 
9 44 


240 31 
8 18 


121 
4 10 


102 56 

8 to 


68 48 


Daily mean, 


8 4Z 



* Record missing. 
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soil temperatures. 

Observations upon soil temperature have been made in part with 
the hope of adding something to the knowledge we already possess 
concerning the climatic conditions of the soil, but more directly for 
the bearing they have upon the field investigations in progress. 
These observations are in continuation of those made last year. 

The observations were made tri-daily at the same time with the ob- 
servations upon air temperature. The thermometers were made by 
Green according to his pattern, and were carefully set in niches cut 
in a trench, the earth being afterward carefully tamped about the 
bulb so as to secure a good contact, the trench being filled at the same 
time. The surrounding surface was freed from vegetation and kept 
loose by stirring from time to time. The surrounding soil was cov- 
ered with sod. The depths at which observations were made, were : 
at the surface, 1, 3, 6, 12 and 24 inches. The soil was a moderately 
dark, compact, loam for a depth of about seven inches, and after that, 
a stiff clay subsoil. The rocks, judging from neighboring excavations, 
were 5 to 7 feet below the surface. 

The tri-daily readings will be found in the apx>endix, but a sum- 
mary of the more important data is presented in the following table : 
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' SOIL MOISTURE. 

Water acts upon the plant not only as a food far more abundantly 
consumed th^n any mineral ingredient of the soil, but also as the 
medium by means of which the stores of oiher food in the soil are 
conveyed to the plant, and diffused through it. Experimenters in the 
field are too often forced to reject results because of differences in 
moisture of the plots upon which their crops are grown, differences 
so slight as to be scarcely visible to the eye, but showing clearly in 
the character of the growth obtained. 

An attempt has, therefore, been made during the past year to keep 
track from week to week of the variations in the moisture of the soil 
of the Station farm. For this purpose a smooth piece of Eod 
was selected, and sampled every week by driving an iron tube one 
and a-half inches in diameter, into the soil to a depth of six inches, 
and then withdrawing it, taking out the soil from within the tube and 
making a moisture determination. This determination was not an 
absolute one, but only a determination of loss by air-drying, although 
great care has been exerted to maintain the conditions of this opera- 
tion quite constant. The soil is a moderately heavy loam, usually 
quite a good deal heaved by frost, and having scattered through it 
large numbers of small pieces of flint, which are continually working to 
the surface. The mechanical condition is usually good and open, and 
the whole soil is naturally underdrained by the porous limestone 
upon which it lies. 

Mr. G. L. Holter had immediate charge of these observations, the 
results of which are presented in the following table : 

Soil Moistures. 



Datk. 


Intoryening 


Days nlnce 


Loss in 


Datk. 


Interrening 


Days idnoe 


LoMin 


riUn-faU. 


last rain. 


air- drying. 


rain-fall. 


lastralD. 


air-drying. 




inoluM, 


l€reent. 




Inches, 




P«ro0itt. 


♦April 80, . 




10 
8 


81.5 
88.0 


Aug. 6, . 
»» 18, . 


0.52 
1.57 


] 


14.0 


kijs,. . 


.54 


45.0 


** 14, . . 


2.19 





41), 


" 20, . 


0.87 




88.0 


" 21 . . 


1.09 


8 


88.5 


" 27, . 


2.47 




46.0 


•* 28; . . 


1.28 


2 


39.5 


Sept. 8,. 


1.28 




R2.0 


June 8. . 


1.61 




88.0 


- 10,. 


1.21 




50.0 


** It, . 


0.2: 




88.5 


'* 17,. 


0.94 




tSR.O 


•» 18^ . 


.00 




17.0 


»' 20,. 


0.97 




t«s.o 


Jalj 2, . 


2.04 




88.0 


Oct. 15,. . 


1.78 




41.0 


*• 10, . 


1.00 




42.0 


'* «... 


t.85 




29. U 


** 16, . 


0.75 




82.0 


** SO,.. 


0.68 




51.0 


»» 28, . 


0.96 




88.0 


Not. 5, . 


0.15 


2 


40.0 


'* 80 . 


0.07 




20.0 


" 12, . 


0.89 


2 


85.0 



* Dry weather for ten days before. 
t After a driving shower. 



WBEKLY CROP REPORTS. 



At the request of the United States Signal Service and the Penn- 
sylvania State Weather Service, the Station has made weekly obser- 
vations upon the development of the general farm crops as affected 
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by the principal meteorological conditions. These observations were 
made by Mr. William H. Oaldwell, under the general supervision of 
the writer. For the sake of the light they may throw upon the con- 
ditions under which the field work of this year has been performed, 
to aid in comparing climates in different portions of the State, and to 
make a permanent record with which comparison may be made in 
succeeding years, the reports are tabulated below in much the form 
in which they were transmitted to the State Weather Service. 

These reports were made weekly from Friday, April 20, through 
Friday, October 12, the weekly summary being made up for the week 
ending at 9 p. m. of the Thursday preceeding. 
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NOTES ON THE METEOROLOGY OP 1888. 

To represent still more compactly the seasons of 1888 in their rela- 
tion to agriculture, a summary is presented below of those data most 
important, from an agricultural point of view, grouped so as to show 
the totals for January to December, 1888, and also the winter of 1887-8 
(October to March), and the growing season of 1888 (April to Sep- 
tember) ; and to this there are added a few of the most important 
notes on the growing season, as indicated by the development of the 
crops of the year. 

Annual Summary, 

Mean barometer for the year, 30.003 inches. 

Highest ** " (February 15), . . . 30.972 " 

Lowest " " (July 18), 29.004 *» 

Mean annual temperature, 46.68 Deg. Fahr. 

Highest (June 21), 95 •♦ 

Lowest (February 10), —13 " 

Annual range of temperature, 108 *' 

Mean daily range for the year, 18. 14 ** 

Greatest *♦ •* (February 15), . . 40.5 " 

Least " " (August 21), ... 8 " 

Mean daily relative humidity, 71.81 percent 

Annual rainfall, 40.62 incites. 

Greatest monthly rainfall (May), 6.26 " 

Least " " (February), 1.70 ♦» 

Greatest daily ** (August 21), 2.47 " 

Number of days on which .01 inch or more of rain 

fell, 127 

Mean percentage of cloudiness, 56.34 

Days on which cloudiness averaged 80 per cent or 

more, 131 

Wind, total movement, 20,210.9 miles. 

" maximum velocity (January 26), ..... 34.8 " 

" greatest daily movement (December 18), . 372.4 " 



Winter of 1887-8. 

Mean temperature, October, 1887, to March, 1888, . 82.78 Deg. Fahr. 

Lowest " (February 10, 1888), —13 »* 

Total rainfall (including rain and snow), 12.21 inchea 

" snowfall, 46.30 " 

Greatest monthly snowfall (January), 17,15 ♦* 

Greatest daily " (March 11), 8.00 " 

Number of days on which snow fell, 25 

Number of days when cloudiness averaged 80 per 

cent or more, 84 



Growing Season of 1888. 

Mean atmospheric temperature, April to September, 61.68 Deg. Fahr. 

Highest " <• (June;, 95 " 

Lowest " " (April), 20 " 

Mean daily range, 21.13 " 

Greatest " (April), 37 " 
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Soil temperature (April to September) — 

Daily mean, at surface, 61.30 *• 

" " 1 inch depth, 59.57 ** 

" " 3 ** 59.91 " 

" *« 6 " 59.62 " 

** "12 " 59.06 " 

" "24 " 57.85 " 

Soil temperature — 

Highestrecorded temperature, at surface (Juno 21), 97 " 

Highest recorded temperature, at 1 inch depth 

(June 15) 88 " 

Highest recorded temperature, at 3 inch depth 

(June 21), 82 " 

Highest recorded temperatui'e, at 6 inch depth 

(June 18), 77.75 " 

Highest recorded temperature, at 12 inch depth 

(August 17), 78.50 " 

Highest recorded temperature, at 24 inch depth 

(August 9 and 10), 68.60 " 

Lowest recorded temperature, at surface (April 7), 31 ** 

Lowest recorded temperature, at 1 inch depth 

(April 9), 32.25 " 

Lowest recorded temperature, at 3 inch depth 

(April 8), 34.25 *♦ 

Lowest recorded temperature, at 6 inch depth 

(April 22), ; 36.50 " 

Lowest recorded temperature, at 12 inch depth 

(April 22), 39 " 

Lowest recorded temperature, at 24 inch depth 

(April 5), 38.75 " 

Mean daily range, at surface, 20.59 " 

** " 1 inch depth, 9.86 " 

" " 3 " 7.62 " 

" " 6 " 4.55 " 

" "12 " 1.54 " 

" "24 " 0.45 " 

Greatest daily range, at surface (April 28), .... 40 " 

" " 1 inch depth (April 9), . 25.25 " 

" " 3 " (May4and6), 20 " 

" " 6 " (April 27 and 

September 7), 11 " 

Greatest daily range, at 12 inch depth (August 16), 11.50 " 

" " 24 " (August 5), . 4.75 " 

Last frost in spring, April 18 

First " fall, September 12 

Mean relative humidity, 72.94 per cent 

Total rainfall, 23.7 inches. 

Heaviest daily rainfall (August 21), ...:... 2.47 " 

Number of days on which .01 inch or more fell, . 50 

Mean percentage of cloudiness, 47.96 

Number of days on which cloudiness averaged 80 

I)er cent or more, 46 

Average hours of sunshine per day, 7 hours 19 minutes. 

Mean percen tage of soil moisture lost in air di ying, 38 . 3 
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Principal Periods of Crop Development. 

Wheat- 
Headed, June 8 

Ripened, July 6 

Harvested, July 13 to 20 

Hay- 
Ready to cut, June 22 

Harvest ended, July 13 

Oats- 
Sown, April 27 

Eatlier varieties ripening, July 6 

Harvested, August 3 to 17 

Corn- 
Sown, May 18 

Cut, . . / Sept 21 to Oct 5 

The winter was not most favorble to grain, since the snow, although 
falling frequently, was badly drifted and the hills laid bare; there 
was therefore- considerable loss by winter-killing. The spring was late 
and wet, plowing and planting being retarded and vegetation advanc- 
ing slowly: many seeds germinated badly, vegetables, especially, 
rotting. The weather changed during June to September, the rain- 
fall being badly distributed, and vegetation was retarded by lack of 
warmth and sunshine; for only a short period the soil seem deficient 
in moisture. All early harvests, but that of wheat, were completed 
in excellent weather. The later season was cold, damp and cloudy, 
interfering with the ripening of corn and potatoes, making the harvest 
of the latter difficult, and injuring the corn stover greatly during field 
curing. 

WEATHBR SIGNALS. 

By arrangement with the State Weather Service and through the 
courtesy of the Pennsylvania railroad, the Station is in daily receipt 
of the weather predictions for Pennsylvania, issued by the United 
States Signal Office. These predictions cover the weather (whether 
rainy or fair), temperature and wind for the day of issue. To secure 
a speedy and widespread dissemination of these predictions, the State 
Weather Service has issued signal flags, by means of which the weather 
and temperature for twenty-four hours after 7 a. m. of the day for 
which prediction has been made may be indicated. These flags the 
Station displays from the flagstaflF on top of the College tower, whence 
they are visible for miles on every side. 

There are four flags in each set: a square white one, to indicate fair 
weather; a square blue one, to indicate rain; a triangular black flag, 
which indicates a higher or lower temperature, according as it is dis- 
played above or below the weather flags when they are strung on a 
vertical halyard ; if the prediction is for fair weather, followed by rain, 
the blue flag is placed upon the halyard as well as the white, but below 
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WEATHKIJ SIGNAI.S 

Adopted for General Use by the Sionai. Service on and after March 1. 1887. 



No I. 
White Fla^. 




Clear or fair 
weather. 



No. 2. 
Blue Fla^ 



No. 3- 
Black Tnan^ular Fla^ 



I Rain or | Temperatur« 

snow. Signal. 



No. 4. 

White Flag with black 

square in centre. 



Cold 



DISPLAYED VROM POJJiS. 



r 

Fair weather. 
Colder 



Warmer 
Rain or snow. 



Warmer fair weather, 
followed by ram or snow. 



DISPLAYED FROM IIOKIZONTAI. SrPl*OirrS. 



Tr 



Warmer, fair weather. 



TD 



Fair weather. 
Cold wave. 



Rain or snow, followed by fair 
weather. Colder. 



Snow and cold wave. 



DISPLAli'ED ON CARS. 
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y 








y 



Warmer fair weather 






Fair weather followed by ram. 
Colder. 



y>^ 


-P 


D 
11 






^ 



Fair weather. Cold wave. 
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the latter. In case the display is made from a horizontal support, the 
point at which reading should begin is indicated by a small streamer. 

There is a fourth flag in the sot, a square white with a black square 
in the center. This is the cold wave flag, and indicates a drop in 
temperature to forty-five degrees or less and is usually ordered twenty - 
four hours in advance. When it is displayed the black triangular 
flag is omitted. 

A clear idea of the method of display may be obtained from the 
following plate, published through the courtesy of the State Weather 
Service. 
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INSTRUCTIONS FOR TAKING AND SENDING SAMPLES. 

This Station will undertake, as far as its means permit, the gratui- 
tous examination of samples of agricultural and horticultural pro- 
ducts sent to it by citizens of the State on condition. 

First. That samples are taken in accordance with the instructions 
printed below, and that each sample is accompanied by a printed 
lorm for description of sample* properly filled out. 

Second, That the results are likely to be of use to the public. 

Third. That the Station has full liberty to publish the results or 
otherwise use them at its discretion for the public good. 

No work of a purely private character, or which has no direct bear- 
ing upon agriculture or horticulture can be undertaken. In case more 
samples should be sent at any time than can be examined, the Station 
reserves the right to select tor examination those which, in its judg- 
ment, are of most general interest. 

FOIDEBS. 

Coarse Fodder, — In the sampling of coarse fodders, such as hay, 
corn fodder, etc., much care is necessary to secure a fair sample. 
Several rather large portions should be taken from diflFerent parts of 
the mow, stack or shed; of hay, five or six forkfuls, one from a place 
and from difi'erent depths in the mow if possible; of corn fodder, at 
least six bundles, each from diiferent parts of the lot. Run the fod- 
der through a feed cutter, cutting it as fine as possible, shovel over 
the cut fodder on a light floor so as to mix it thoroughly, spread it 
out about six inches deep, and take from at least six different parts of 
this layer not less than a bushel of ihe fodder in all, being careful to 
take all the fodder down to the floor in each spot so as not to lose 
any of the finer parts. Put it in a clean grain bag or other suitable 
receptacle, weigh it, and send at once to the Station. 

Green Fodder. In sampling green forage in the field, cut all the 
fodder on a measured area of not less than a square rod, and better of 
several rods in different portions of the field. Weigh the green fod- 
der at once, dry it on sheets or hay caps until dry enough to keep 
during transit (do not over-dry), weigh again, run the whole through 
the feed cutter, and take a sample as described under coarse fodder, 
recording the weight of the sample. 

Grain and Meat — Take several small portions from different parts 
of the bin, or from every fifth or tenth bag, mix thoroughly, and 
send not less than a quart of the mixture in a sealed glass bottle or 
jar, or a tightly-closed tin can, securely packed. Of ear corn not less 

*These forms will be furnished free upon application. In writing for them, state 
what it is proposed to sample, as we hav.e several different forms. 
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than half a bushel should be sent, selected from different portions of 
the crib. 

Roots and Potatoes, — Select a number of specimens of as nearly as 
possible average size. Send them whole. 

When grain or meal can be sent in a tightly-closed package it is 
not necessary to weigh the sample. In all other cases this must be 
done. The form for description of sample contains three blanks for 
recording weights. The first two are for use when green fodder is 
sampled; only the third need be filled out when dry fodder is sam- 
pled. 

DAIRY PRODUCTS. 

Milk, — If possible, communicate with the Station before sending 
so perishable an article as milk, especially in hot weather. Mix thor- 
oughly together the whole of the milk to be sampled, either by pour- 
ing from one vessel to another and back several times or by very 
thorough stirring. From the mixed milk take at once a sample of 
not less than a pint, place it in a sealed bottle or jar and send at once, 
securely packed, by some speedy conveyance. Fill the bottle full,, 
to avoid churning on the way, and in warm weather add to a quart 
sample as much salicylic acid as can be held on a dime, to hinder 
souring. It is very desirable that the sample shall not be sour when 
it teaches the Station, and all possible precautions to prevent it 
should be taken. 

In sampling milk from cows or herds the whole of one milking 
should be sampled. 

Butter and Cheese. — A sample of at least half a pound is required, 
taken from different portions of the lot. It should be sent in a glass 
jar or bottle or tightly- closed tin can to avoid any loss of water, and 
should be forwarded as promptly as possible. Send as full particulars 
as possible in addition to those called for in the form for description. 

SEEDS. 

Great care should be taken in sampling seed, by carefully mixing 
the contents of the bag, barrel or other package in which they are 
contained, and drawing samples from different parts, finally mixing 
these and taking the necessary amount for the sample to be sent. 
Compare the instructions for sampling grain and meal. 

Of the smaller seeds — red top, white clover, etc. — send four (4) 
ounces ; of beet, turnips, etc., eight (8) ounces ; of grains, peas, beans, 
etc., one (1) pound. 

SPKCIMBNS FOR IDENTIFICATION. 

All samples of plants, grasses, weeds, etc., sent to be named should 
include the whole plant ; root, stem, leaves, flowers and fruit. If too 
large to be sent whole, send portions of each of the above parts. 
Plants should, if possible, be sent when in blossom^ and with speci- 
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mens of the fruit or seed more or less mature, when the latter can be 
obtained. 

Insects should not be enclosed in a letter; but if dead, they should 
be packed in cotton or paper and enclosed in a stout box ; if alive, 
they should be placed in a tight tin or wooden box, along with a sup- 
ply .of their appropriate food. Air holes in the box are not needed. 
Each package should be marked with the name of the sender. The 
rate of postage on matters of this kind is one cent per ounce. 

SOIL AND MUCK. 

The Station does not ordinarily undertake to make soil analyses, as 
the results are not usually of sufl5cient value to warrant the expense. 
No samples of soil or muck should be sent without first consulting 
the Director of the Station. 

OOMMEROIAL FERTILIZERS. 

Persons desiring analyses of fertilizers should communicate with 
the Secretary of the State Board of Agriculture, Harrisburg, Pa. 

IN GENERAL. 

Packages containing samples or specimens for examination should 
be plainly marked with contents and name and address of sender, 
and be sent, charges prepaid^ to Director op Agricultural Experi- 
ment Station, State College, Centre county^ Pa. The Station can- 
not pay express charges on samples. A letter should at the same 
time be sent, notifying the Station of the sending of the sample, and 
giving such particulars as to the origin of the sample and the reasons 
for wishing it examined as are not contained in the form for descrip- 
tion. We are sometimes at a loss to know what course to take with a 
sample because we do not know on what point the sender wishes in- 
formation. 

Particular care should be taken to fill out the form for description 
of sample carefully and fully. This should be done at the time the 
sample is taken^ while the particulars are freshly in mind. Samples 
should also be forwarded promptly as soon as taken. 
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EXCHANGES. 

The publications of this Station are mailed regularly to all the leading 
agricultural papers of the country, as well as to all newspapers in the 
State. The following agricultural papers have been sent to the Station 
regularly, during the whole or a part of the year, in exchange : 

Pacific Rural Press, San Francisco, Cal. 

Connecticut Farmer, Hartford, Conn. 

Southern Cultivator, Atlanta, Ga. 

Breeders' Gazette, Chicago, 111. 

Farmers' Review, '' 

National Live Stock Journal, '* 

Orange Judd Farmer, '* 

Prairie Farmer, '* 

Western Rural, " 

Drainage and Farm Journal, Indianapolis, Ind. 

Indiana Farmer, 

Jersey Bulletin, 

Sorghum Grower's Guide, Madison, Ind. 

The Industrialist, Manhattan, Kans. 

Sugar Bowl, New Orleans, La. 

New England Farmer, Boston, Mass. 

Weekly Globe *' 

New England Homestead, Sprinfigeld, Mass. 

Farm and Home, *' " 

Farm, Stock and Home, Minneapolis, Minn. 

Northwestern Aficriculturist, '* " 

Western Resources, Lincoln, Neb. 

Mirror and Farmer, Manchester, N. H. 

The Press, Deckertown, N. J. 

Farmers' Club Journal, Hornellsville, N. Y. 

American Agriculturist, New York city, N. Y. 

American Dairyman, " '• 

Orange County Farmer, Port Jervis, N. Y. 

American Grange Bulletin, Cincinnati, Ohio. 

Ohio Farmer, Cleveland, Ohio. 

Farm and Fireside, Springfield, Ohio. 

Farm Journal, Philadelphia, Pa. 

Sugar Beet, '' *• 

Weekly Press, " " 

Hoard's Dairyman, Fort Atkinson, Wis. 

Western Farmer, Madison, Wis. 
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